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PREFACE 


A® ft loctnrcr in Geology to student* | *reparin^: for tin? Punjab 
University k\rmtinuiiariN f hftVg mn*tonr,Jv i^H-rtencecj great 
difficult) in the tca thing of the Ocotqg? of India, becutiw.’ of the 
of any aileijtintc mo-lpm Imok on the subject The oi i\\ 
work that &xh sf.i ifl the one published hy the < itnfusion! Sim 03 of 
Eotiift in L887 by H R Mod I i<x»T t and IV T. BLn 11 forth revised 
and Inrseiy rewritten hy II. U. Oldham in I ^Orl — -aa quarter of ft 
OfiJittuj *p> Although an oxculkut official record of the progress;* 
of ihe Stmej" tip to that tinse. thb publication fra* nnturnlly 
become largely out uf dat* (now nbu out of print) and is, 
beuvfdi^, in its v«ilu minima sijtr. nui I inothod of treatment, not 
aJkigath^r suhnblr as a manual for atudfmu preparing for 
t he University KminimitiOUh. Student*, well jlh uM other 
inquirer*, have. therefore, lieen forced to search for and tioltcci 
infbnnfltiuu, piecemeal, from the riiiihitiitliniuia R< -urd# and 
Memoir a of thr GftologiraL Survey of India. Three, twrWW&r, htt 
too ntitnerou* for the diligence of the average stitdeiii —-often, 
ako, they are inm^ezMihlr N> him — and thud much valuable adcn- 
tific iutbrnmtiad euntaim 1 *! in tile**- mlnmaMe puhliiaiian* wa*. 
for themed pun m herd nutated hy film Rodent vln^ and miiriiued 
locked up in the ihelv+n. of u few Libraries in the eoimtry. It 
would not l«? too much to any that thin lank +>f a handy volume i® 
in the main it^purwibiu for* hr almost toinJ ncghwt of the (icologj 
of India m a subject of study in tJte oolltgiH of India uni m one 
of independent adentiflc inquiry- 

The object of t he present volume m to remedy thb deln army 
by providing a man mil in the form of a modem 1 i-.tt -bonk, which 
mi mm arista alt the mam facta nf the nnhjeci within a imidfcfnite 
ccPiupit-^, It h princijmtty * comp if* t tun, fur the ihw uf the student* 
of I ui[ian Geology, of all that hw lx?*ui puhlmhcd on I lie niihjruL, 
ewj^efidly iuc^rjHiratilng the Liter tv.Hi'&rvhr^ and cimelimFoie- of 
the Geological Survey of India ai*u.^r Oldham'* evedlent edilkm 
of imi 
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In iv subject of Mich proportions 'i* the ( icology of India, ami 
one found which with voluminous literatum exist*. and in yearly 
growing, it i» UOt powsfible, ill A oonipeniliuiij <if this nature. to aim 
m perfection of detail. Nor ifl if rosy, aj-ain. In do justice to (fie 

devoted I ... of the mmtU Uv|> of original workers wtu. sinco 

the 'oiCn of t Iii' IaM century. have m*d« Indian Geology Whitt it 
i» to-day. By giving. however in lnikl outlines. Ike main results 
achieved up to flute and by strictly julhrritig to A text-book method 
of tTOfttmeid , 1 have striven to fulfil ih« somewhat restricted ob¬ 
ject at which I have Aimed. - 

In tlic publication of tbia book J have received valuable help 
from various quarter*. My moat since™ thfuilu* art. due to SJr T. 
11 Holland, I I IS., D.Re., for hi-* warm sympathy aiwl MM»un*r 
merit, To the Dimeter .if thr th-ohmied Survey of India. I offer 
my grateful Acknowtedginenta fur the loan of blocks ami plates 
from negatives for (tm illiiistmtfon* in the hook, ami for permission 
to publish this volume. My indebted nr-* to Mr. I’, s. Mlddiemiss, 
C.1 K., FJt.S., retired SupeHatemleJil of the Geological Survey of 
India, the dmjt n of Indian Guologiflfo 1 can never Wlffiowotly ae- 
knowledge His guidance and advice* in nil mni ter* connected with 
illustrations, eorraitiqnofmanuscript ami test, disking of proofs, 
etc., have been of inestimable value. Indeed, but for bis help 
several ins perfect inn >- and inaemirriries would have crept into th0 
book. 

In the end, 1 tender my grateful aekmrwlodgment- te M&An. 
Macmillan for their uniform courtesy. 

I). X. WADLA 

Jutmi, K-VSJIMftt. 
iMEtmkrr, f 1>I 
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IV* reriniun uf The last edition <■{ fhi- Inmk w.w cuniplrtod 111 l!>37. 
Since then the prijgri'rH of genlngicoJ in\'i4tj|lliDn in India 'hiring 
the Wnr mid (succeeding yearn, especially in the bold of fM?nnmnii> 
gmliijfy mul num-mingy, tnnlt™ a 6nb r^vi ni-m in*ci)SMn\ Some 
■«t‘«tiuiy of the booh, tunc tn-on rewritten Ui bring them up to 
d«te. 

The record jHiliticnl division of tndiii itnrl tin- trrrilnrtal rr- 
grrmpimf of Provinces and Suite- rtotv not affect the terminology' 
of Indian geology. n..r the .ie-u-ripim; in.-ii uncut of I heir 
graphy, structure or paleontology. Til* sub mu tine lit of l mi in 
in » * nil- marked geological as -w i ll to- geographical entity .xiimtrvte 
-egment nf tin- earth's orttsi, (*egregntcd from Eurasia by Tertinry 
earth-move meiKK- Its main stratigraphic and -structure line* orw- 
ero«s over the poiitfoil boundary-line* of Pakistan. Burma, 1 'ey ion 
ami even Tibet. Iti n treatise on tin- geology of India, therefore, 
the«« onnntTic-* forming natural physical extension* oT India 
proper, tuvve to In* Included ms integral part* of the Indian region. 

The eh iipter on t br Geology of Knafimir, which Apjieurwl ms 
an appendix in pftWOltK edition*, i. 1 * eliminated am} if* substance 
in corpora ter I in relevant chapter* in the body of the book. The 
rv-distri lint ion Ivhh rim Ihmsji ■-'> thorough ah it "houhl have been 
and a few repetition* and overt*] « lave Ihv-ii allowed U> remain. 

It i« my pleasant duty to tender my gride hi I acknowledgments 
to Mr iWv Kvao- and Mr. Wilfred t'lompfon, both of th» 
Bnrmah Oil Company, anrl to Mm. Evntu*, all of whom read 
through the proof* of this edition. All hough it wan not possible 
to adopt nil their suggestions, t.lwlr iiMwtAnre lias permitted Ihu 
bringing up to dale of t he Tertiary chapter* and Ihu wneotion of 
ovn>ightH which might oth(*wto H*W uaBotinyL BuL 

f ur Mi Evans « helpful suggr.-.t ioii- and mlieiain* some chapter* 
of t bn book would have rvnminad imperfectly revW- I bnvn also 
to express my «nt»n* thunks to my wife M'-lier Wudln for much 
help in rev bine i lit- proafa, 

* D, S. WADIA 

KtWf i'Kuit, 

(lt$2. 
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i n 1? mh «i tun* fWu of ri i-nr-mnifani III J he I in 1 1 h^nvor. flo.vU 
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iNdinninnlivmtiMtl the Jcirl.r- nir.il (kruT*; rwi. cii nu(tk 

itow of lh fc Oiifjjw- rtp^iTf iirtw. 
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CHAPTER I 


physical mjmsstm 

Npjtobb commencing tin? study of the Htrai iumplikuL Le, hi*- 
Tonciij, geology of India, it ]'h necessary tu itoqiiirc sumo kftowlodge 
of the principal physical fostaro^ Tfo’ student fthuutd make him 
self familiar widi the main iigpocto of its gOOgittphy, the broad 
fact* regarding its external reliefer conimifH, ita mountain-systems, 
phimuss niicl pi nil 14 1 its drtuiiagc-itfHm*c&, iih ^rnuiem. vofcamxw, 
etc. This ^nH_y. with f he - - help of physical or geographical maps, 
is indis prime life. Snob a rowdAlitm-imowiefige of tin- physical 
Inerts o* tin* country will not only he of ranch incorrat in it»lf 
hut ihf student will soon linrl that the physiography or Indio i» 
in miuty respects correlated to, and is. indeed, nt& ex predion of* 
its geologist] struct 13 re nari history. 

Geological division* of India—The most salient fan with regard 
to both the phyamil geography and geology nf the Indian regime 
iy 1 1 put it in mmjpus&d of three distinct Quit* or wu^h-fraf tires, 
which lire ns unlike in their physical gw in their geological char 
aicters. Hie first two of iliese three division*; of India have s 
fimdsiiicMnl busis, marl the distinctive characters of snob, as we 
^hall see in I he following jioge?. wen 1 jin pressed njion if from a 
very early jperiod of its geological livJjtl<irv P since which date each 
urea lias pursued 3ts nun inn-cr iiidepriiihuitl v T'liuse three 
(li viifioix-# ft 1 : 

1. Hu- Triringnlor plateau id the \ix. I he I frees n* 

south of the Yiudhy-u&J, with the biland of Coy km. 

2 . The niOLiiitidnuiifl TK% r ion of the Hi nml&vu^ w hi eh borders 
India tn the \iwtj north, no il easl, Including t he countries of 
Afghanis! on P BtiJuchisfan, and the hilJ-iran(£ of Burma, known n& 
the tsrfrw^/VitiiMTi&ii 

3. Tkr great fnih Unrvjfhr fUiin of the Punjab and Bengal, 
separating the tuu former arras, and extending from the valloy 
of the Indus in Sind to that of Ihe Brahmaputra in Assam. 

* I 
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ir 

TUoir cbaracttri and peculiarities A* ..imieil alum-. I hi* 

J’l'uin-iilu. as mi ciu-tk-feature, ii- i-m imly unlike tin- exf.ivi l'i-n 

mfcuhi- Tlu* r -IJi -ivin^: JnTm. m- ... ..ain pcfrtla of 

'livurgratn between thone tun region*. Tire linii- m titftfigmp&de, 
or that ooaiuwivd with the ideological history of (lie areas Ever 
■vim.!- tiiu dawn *if hfeitmy I'.'Anibmn pc-rii n! h the Pun* 

iiisuJa. has been u I,mti nr ■», n omitirredtjJ fragment nf Hit* earth's 
WtriAtfi. which flints? tiifii epouh in ivirtii-hrftinT% him newer Imn 
->uh merged Ui'ticntii the «m, except rumpnrarijy and lucidly. No 
e«i)*jdtsru|jl« ninritc- flcdi'mimt«f Inter age thanCumbrian w.i** over 
d*ijx»It*d in the interior of I hi# kind-urere. The e.vIrjt'Puthuttln, 
on the Other hand, hn* been a region which Jim Inin under the 
*tm for the greater part of its history, and him Ins:i* ctiviwt by 
■Mioci^-u ve marine depud t a dutreeferirtie of all the great. geological 
period*. forrmiunciny with l;hi> Ounhrinn 
The second tHHorwice in ijrnttrlanic, nr jserr nhiing to the gcologf- 
col at rue tut« of the two regions. I no Ponimula of India reveals 
dttito a different type d£ arehi torture? of the earth’# crtist. from that 
aJuiU'ii by tlii 1 extra Pen insula- Peninsular Judin ih ,i segnnut of 
thi* riLrUi h uiit‘*r "In'll that is (JoinjHiaod in great jmrt. of gcncmliy 
liun&un tally rejtu-diig rent-bed* T.hui atniid ujroii a iirni utiii imjnov- 
abk' inundation and that have, fur no iumreiitrC iiiiihIht of am 1 *, 
remiuned «o—unpuMivc muni nil the revolution* that have again 
end figniu chunged the fhco of the earth. lateral tinliid.H atui 
wnuriuuu-building force* have had hut little effect in folding nr 
tUapUritlg its originally horizontal stmt a, Tire Deccan in, how 
ever, fuliject to *■*!:* bind of .itnirturaj dis! urbane**. nix,, fracturing 
of the erufit in hloeha, due to tension or comjMvK-dcitt. The extra 
Penlnsda, on the contrary. u a portion of what appear* to hare 

Im ‘u 11 . . ipatntivuly weak mid Jhxihii- portion of tin- earth* 

otTCUnritTf'iice that has undergone n peat deal of crumpling and 
ile forinat inn. Hftok-fohbi. fault*, thrust-pliine*. and other evj 
douce* of iimvinrenta within the earth ue dbrerid m this region 
Oil an caloutrescale, mid they point to its Mug a portion of the 
earth that ha* undergone, nf i late gcnlngjral epoch, an enormoite 
amount of eompmelitt and upheaval. The atm to everywhere 
dmw high angles, of dip. a olomdy paekH systont of Fold*, and 
other vicdKDL departure* from their origin td primitive Structure, 

Thr* third liitti-rein r la the diversity in (hr physiography of the 
two aririm The diflbreiii'e in the ext .mil or sotfaCi- relief of 
iVninnulor mid ixtrA-iV'iimfinhn India ari^ out of the two above- 
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miftitjnncd difleriittcc- uh a direst nutisicjtmm e In the lYniiuidiv 

tlu mountain* ate mindly of the " rolief 11 type, i*. timy uie not 
runtiutii i iii- in the truiise?i*e of iln term, but im> men outstanding 
portion# of tin- m]'J {ilab-iin <:!" the rYninfud* that hate fetenped* 
fbr ima teapots (?/■ another, l Jin withering of ages l.luit ]m* wit CHil 
dJ tliD -uimmiulmg part* of tlii» land; they mr r to siy, huge 
fJ lura nr blocks of iJn- oW plateau. IU rii'pfn have flat, rfmllnw 
vallriy^, with low Ifttpmwpllble gmU®fLtfl,bettia*j' uf UiftJr channels 
having iijiproadiftfl to Hj»- h^devp] oFmuticuk Contrasted with 
these, the fiurtiiit&iiH of the otfaor an-* aie dll true mount :dn*, 
being whin an* called 11 todamic Pl mom dam#, i>, those which 
owe their origin to a distinct uplift in the uarth’s ctuiii uiilJ. m a 
confix]urn«jf* p Intve their n trike, or line i.«f oatorndnm mote or less 
oonriJimablB U« the axis nf iluit uplift. TJh ri ven* of this area are 
rapid torrential streams, which are still ill a YBTJ yctttWnl or 
inmifllurc stage of river dcvefiijimouL, and Atr ennLiiiUoiialy at 
work in catting down tho JncqualEtioH in their oowdms and du- 
grading or lowbmg their chan neb- Their ending power* an* 
always active, and they have out deep gor^e* -itid pjotiipi Lotts 
caikm*. several tWattfuid# of feel in depth, through. iha ill mm fain* 
in the multtitubioiu* port uf limit track. 

Types of the earth"# crust exemplified by these division# The 
type of cruet sogiumjU of wluuk the Peninsula nn emsjilr i« 
known ua a // ur il a solid qfimt-block which bins remained n ntnblu 
hind-muss of great rigidity, and lias been imaifbctrrd hy any 
folding movement gene rated within tin? earth during the Taifcr 
geolopcai periods. The only etnibtuml dbtiirMnces to which 
ihoHe parts bate IIhwu BuseeptibJe ate of the nature of vertical, 
downward ur upward. tnov oiaenl* of large m-^menh; within it. 
between vertical frudial} Ihsaurm or f&ulU The Peninsula Utiu 
often experienced this " block mo Wfcmmii .»i varinas periods nf 
it? history, most notably during the G*oic|u acm |w jamL 

The i^La-th-movenionU eliarad^ rktle i«1 the Slvxdite. uiiiii; yield 
in^i Lv|i»- of tlis crust, uf which the e&tfto FVomjsula is an exuinjile. 
are of the nature or biti-ial tiy. Hrt&.iitlttl) thrusts which result in 
t)us vrcmkEiig andfoklftig ofxrltm oj ha* ■■ In - id Hie earth's 

Mirfflep- into a moiiiHoiiediain (oeogeum moveiiinulsj. Tlio m 
niDTemeiif -i, though they tuny aifeid a large sttriacn an: mdolv 
confined the more snperiJcial part* of Sic emtht, a fir I am uul so 
deep-seated as tho fommr t ln#^ of MmMflti i.hafirtoriiihir nf 
hOffts, 


1 GEOLOGY OF OtOlA 

Physical characters of the plains of India— He thini diviaiiBi of 
Iniliu. v the vpw alluvial piflin, »f the Indto «nd the ilmw™. 
though, humanly ejHiyiking, uT the gmatra t jnlen^t and Jmjior- 
tuiH**. as be png the principal theatre of lpi dm n h;nt■ *t\ , _tn ■ jfl' 1 >h 
togMhr tU& J g&fft ■ 111 tll<? 

KRdfdgicfti history of India they *rr only thr a mi ala »f yw-icr-jw, 
being the all ii vial deposit* of the ri vQT» of the J win (taneff flatten ta. 
bom > ' ilinvn tfiiii i r Ep~Trimalav»fi ami fteimaiteuai ijujjr Je * > 1 - 
Ttjrv Iiavc oovomd up, tmdompatK'ft 'deep itiaiitli* ijf river- clay- 1 , 
mid aji H. valuable record- nf iitml ages, nvliiuh n ugtit hinr Hiroivtr 
-£*hl*t on the iihvaiwlLJ MliM3tJGi-ite- IVimk^ Uv 
Himalayan awwh and revealed their former eaimeelJim with eHHt 
Taller, ntew plums won? originally n drep fitfpfeggmn itP-fFOW 
I ving between the Ptonnimdu and the m fomtailt > With re* 
^ird to \hr origin of this grout depression ther« is -i unit? rlifTmuive 
of opinion. The eminexit geologist, EdnunI thought it ^ 

* ■■ Fu re- deep '' fronting the HjmAlaTfm earth-wavi* i digging 
nr Kubaidfciioe of the northern part of tlie Penimtula a * it unvHtrd 
Uit 1 sytiLfiward advance of the mo ntitrtin-w uvea rolutirl £ir S. 

finrmnh from iomn imcmiulk-*' la rhe idwervul inn* of the defter 
tioun of f ho phimh lirifl, and uthar geodetic ttinitiderwtfcHm. ha* 
suggested quite ei different view 1 Hr- thinks thnt the IndcMiHii- 
geliu alluvium cauceok m great deep rift, or frftcture, in the earth * 
ftuL-criuit, several thousand feet deep, the holiuw Wmu ^idine- 
qmmtly filled up by defcritwJ deposits He astiril** to ewrfi 
otustal irmckiS or rifle u fundamental importatiw in gaoler i nnirft. 
ajyj dlitrihiitOfl the elevation of the Hill] ala yon chain r-« an inoi- 
dcnUd trending or fttttibg movement of the northern wall of the 
JWurr Such sunken t in eta between paralbh vcrtiml dido* 
ary cudhnl Uift Valley ,B m geology Thr jprolugM- of the 
liiilmiL G^ilogixjil Survey have not. uccepUHl thEh view uf the 
origin of the ImlchGirngetiu dupreiflion. s 

EiijpuUna area- The large t«#t of bw oocrntry, forming Knj™ 
putana u^L of I he AravalLb. |kjmS 4^^ a mingling of thu diHl inc- 
tive diaraefer^ of thu PcnintruU with fhoee of the IVninHiihi. 

a i pd hetiee cat mot w i ih certnin ty lie iefem?d e it her fUj pi 
can he regardtHi n# n pari of the Pen insula m asm null as In gw- 

* rA4! POffin Uuxtdwm t MM - ISun, ^ n nf Iruhk 

dintKd llkr Iniluu, AritiOe* 1 LutLiiui*-, tlllri. 

■ Sun Hr. iIiivil'ii llnliuituuliil' llr djn Hmiul;i:.“ to ih* lintn-'--»■ I i'“>i 

uiil Lin' Ili-Im.il Rf<> 1U*. »Sii 1“ i»n. *nil i; " 

Mw.W. Vfll iJii fl i, l«IT. 
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tt-Hnnir Wnit«« , UT's n nil i mi • vcrv Jit ill - dill iiHmitirc. while hi in* 
ronmininpj murine, ('• uwiJi fore im deptmil * of .M» *ownit! flhd ' siiiiffloic 
:ig»T it allow* gnuler lutein Wum*' to Ihr extrn Peninsular He*. 
Il in real!v a piifl (if tho Utjccflii hlimli thlt bus timo unii *(- ni11 
t^cn invaded b> murin'' irum^iv-aHiiiH. from the- -mhii hern iw 
film tit; tin 1 Mi-f if iIp 1 .rod t'lJmrA iii'. In tbifl ooimtry, loiiqfi >n- 
tiiuiful nririny Inin resulted in the rratahlidiinint of* ijrsi'rt tOpO 
gmpby, I in nii i mufM ■ fchfe I- nimitJi -of untida disintcgrAted from 
liii" aubjiicciii roi'kii i-! iv oil us blown iii fftiin thu Vv +'hLp tip aen - 
eriut and from the Indus baud* The area ■* cut tiff from the* 
-* jit.fr-cireulat inn of tha m*t of the Indian continent except for 

..I slfltm* ■>! rum. by tin* absence of my high range to 

intercept the nurfrturp iMiuring southwest monsoons which jia*« 
diroi'fl V over it--. expnnai- The ikw.-tl cOndit ions are hence art rti 
tutted'With time, the water-action of the internal droning* of ih-- 
cntutlry being tni» feeble i > leunaport to the sea 'be K^winn mow 
of MUlfh, 

Thrr^ iu a lmJUion t fcjipptartrd by soitffl phy^rul i-Tidfencts Mini 
tin. Imaifi ihf thn Indus not always sepniwed from the IVmin- 
PFiil ft hy the font* stretch of sandy waste ah at present. Ov.r » 
rust rtpooe of the utm desert countiy, cast of the Indus. tm«* of 
ancient iftw-heds twUfy to the gradual rl situation of ft fiut 
fertile region; iiui throughout the deltaic Hurs of the I ruins may 
hfiil lx* <h^ii edit uLuiiun'I.t which otiw ix)iiiliicU' | i its writer? l<» I hr 
kami ofCutdt, giving life and prosperity To the past cities nf the 
dclln. which Juice left no living record h of the eormtlowt generation!* 
Mini nmt inhabited them-** 1 

mountains 

The Himalayan mountains—The mountain- ranges of t he extra- 
Peninmilu Imvu JunJ their origin in u aeries of UMth-movometUs 
a'hich proceeded from outside India. The grant. hr/rst of tin* Pen- 
insnlA. witijicNrd i>f uld crydlulline rocks, has played n large I«W* 
in the history uf moimtam building movements in Northern India. 
It ha*. liniltM ilia extent and to *me degree controlled th« form 
of the chief ranges Broadly speaking, the origin of the ifimuhi 
vhh i'Iiaiii, the most dominant of them ail, is to Ik) ridrrmi b> 
powerful Inter !iJ thrust* dieting from the north or Tibetan direction 
toward* the Peninsula of India. Three throating mrrtrn merit » r»>- 
* Hir T. H. HWiMrt.. fw)*sW fteMrtt, iuI. t. 
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Antlrrl ill 1 lir> firiniuntiiin of iiriliil r- OjIiJh of th«- rarlh'* miat, 
pfr^xitis: sitpms^i the iVjiirjMilra Thr nun i d form of Mir Oim.r 
tayng 1 h due to thi* rc^iwtAnrr nflbml by tlm Pfmrnsulflf " faro- 
I fi H4 J 1 to i l ip ■'< i sit fry : i o j n 1 3 % ;i n rr of r hr se cni?t -ttu v * •> , a i d pc l i n 
*omr- rneMHTp by rao other fninm obstacle^ - ivn old prueptainnl 
m oimt m ft- ctz aiu hke tV AmynHi mLiimtuin^ to Mm north find 
tlir Apsntti to i hr in lit ii vinst .- TJm pfnrrii! ran hgn ration 
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flf I hr rhiiin, it* noilli-w&RtHMiiith-eeuit aixiiato tmid, 

the nbrtijM. jrU'flp imrdar whii-Ii it pmmnt* \o rlir plains of India 
vt'itJj Min miidj mtm gfiiiilr td&p* toward* the opposite fir TifcKan 
*Mn f are nil font is u htch hrr bant ogplattittfr un Lhr above rjrvi, 
having I mi'E» due !l> the nrniaUnc*^ the mmiiita in-frisking fomr* 
hml to uttfiteud agaimd in {I> the mth-xibb bind* of the n^L-i on 
«ml (£) tin 1 hvo oWer ^ whirh itdel ns mighty 

ubflLurl^ in tho path of the mtithwafttip adtiuidjig tomtit tain- 
fold*. The raiiura rider nT a mountain fnrtge te p in gtriu'raJ, in t lie 
opposite dimtfjon to thv *idr from whmh tlie flimil* urn directed, 
-mil is tin* one which *hnw^ Mm greater amount of plication* 
fnirture, and ovmhimt 'fhi^ ia actually the t&m with Itm outer 
nr convex ride of the Himalayan an?, in which the n»o;4t i-haroK^r 
mi# d n ik lira I frm im* in the exinteinv of ;■ mnnW of pardfd. 

11111111- nr thruM-phiiiev The tnn>t prominent nf thh* 
Hirin nf thru*!*. the rmtonnost, i<an be tenord from Miu Punjab 
Himalayan all through tilt- «ntire length of the mountains to their 
extremity in extent A^mi. Thfo grpat fnedt or frnrtim? i* knowo 
fli^ Main Boiziiilnrv Fault, 

4 Pm* ^diLbluii. nuaHutinr Um ulniil* tpf 

1 In^liHT v^v. L4 Ih^t thn riij-irjitiiifi ■* llipr i r -<:jlf «if th-" Mi fJ3rfi*Ttmr« of tlflliltir 
faith# TOYflrient# IvrwHling ff<vm Ihr TfmuJitn tir lb* Hindu Kmll tkymfriu nf 
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Physiol features of the Himalayas-—The geography uf a large 
prut-of ih>_- Hinmlaya* irt Mot known, Idealise irutm-ftR? artful within 
it h»vr lint ym hj*jn oxpforvd by rcitandsip'. mudi therrfbqne re¬ 
main* fin 1 future thlh-rrvatkon add U> (m nilrr hi, ^'iir exiting 
knowledge. Lately, Iihwgvgt* tho Ml. Eiren^r. and other t 

tiniiif tfl Tibet tmd Mm- Kiimkontiii have imulr addition** Ur cmr 

loutwiedgn of birgr trims of tJiu Hmialjiy^* Tim i'jvsf 
^otcun of tin 1 Hiniuhiy^s hwerrer, i-gnographh. ji!I> -nU almost 
a if.mi tuntfjnitn. Thu ffirmthiyita jiiu nut n i njit [miou* 

ill]Billi nr fang® nf mountains, but H of ^vera! nmr* nr |e*,% 
pantile! or pun verging mrifgfr?, iiitamacffrd by eiiotriu'ii* valley* 
null i?xt«itnive plateau*, 1%-ir width 1» Mwm 100 And 890 
milrH, iainiprhdtig mitin minor rittigfiij and thr length nf [.In- CS&B 
f.nd Kinl rtuigfe* tin* ^ftrwit Hinmlityaii ivin^c L- I "hW mih-4. 
The ihfliiiijijJil range* gt*neni by ptestfhl a uLecp slopo inward* l-fir- 
plaimoflndin in.] n more gefrily mettoed slept* towiurdfl Tilwl. The 
north Mm alo]*^ ,i re, again* elulhud with * thick den-** growth of 
iVi tmi vegetation, flume Minted highor up by mwor-imduig Mimv>, 
whirl 1 the rLinilh'ui slop®* arts t*ut proupitimj- nnd fi.ire eiTJirr so 
itecunutlato tin- Allows or niipport, i-^Oopt in the valley kadiiSj any 
bm a thin sjiiirse jmigkv Tho con mating link lj«?twoi-n die Hinui- 
layisa w\d the other high nmgfes of titan ral Asla—dJiy Hindu Euifa, 
tin- Karakorum, th» Kurn Lint, tho Turn Shun imrl the Trm- AJai 
ranges—b tho gpat mo*iof the Pamir, 1 tin* roof of tin- world ", 
The Pftmim (Portihui Jtoo-aiiV^ footed tho utafaenoy^J on- n s-;rii^ 
of hrtufcd. idluvlitib^noal valleys, over US.unfj fm t high, (^punted 
by linear til nun lai n -1 unit* >*, rifling in J7,lXMi foot. fWii the Pa- 
ttlftl, the Hiiii/ihiya* o^tAfuI to tho p^nth-na-t tv*, liii unhfbfceji 
Mall iif mnow-otivoml mbutiui^ piswtl by pa**?** foir ^^f WWfh 
aft? k“H limn 17 .wu f^*i in elovullao. Tho Kii-*U m Himalayn* of 
Xepid ami Sikkim rfB*? vrry ahniptly fnnii the pliih]> of Bu^gnJ 
il zhrE OuiJh, ftUiJ MBiMrnly attain tilfdr j^pitt olevsition nhwv Lhn 
ariPM'-lloo in thin strikingly abort dbtjm^ him £ ho fm>t of the 
nmiiiUaiuh Ihlle, the }bulU* of KflOCJsfirijilllgA Mild Eemrrp-t am 
tffily ji few uaih-H From thy plain* and nmYidblr to thtdr inhabitant*. 
But i lie Weskut Himalkyri^ of fine Punjith awl Kuumtut 
gradually Fr«uit tW plaimi by the i»ttTT>'uiion <>F inmiy rwigR!i of 
h-initr nli.itmb*' ; tlwir ja^ak- nf tvv^trlil^tbvg wniwa .m» mr>m tlmn n 
Immin’d mil» dt-nm!. hiditrii fioin v T k« by the mhl Hiunduy u> 
ranges to tJm Inhabit nnt* nf flu* |4iiin> 

To ihv ii"iiJi 'if 1 hi" Hirriftliiyj^ is tlit 1 lihatk ol High Aaia, the 
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triggiesi jl!-ii mmt elevated Jund-ujjisfl o» tJj# earth’* niirfam, 
Directly in \Uv north 1* the high plateau uf Tibet of lti t um feet 
mean nJtjt udi r trsvoftjod by the l( Tnui^Himidnyaand th-tr 
Aliitg Kangri ranges; farther north m the Kum Lim and AJtj u 
T agh nnige* and, *eparated by the great dwwrl hodn of Tarim, 
tho Tion Hltao riuigo. A poctiliAritjp of fchtw ranges hi that they 
decrease in convexity of arc ns vve go north till in ihv Tien Shan 
t hn trami-Him bocomoj nearly straight - The tttafrrly c\ ten don of 
ih$ Kamkoram mnga into Tibet beyond BO" tang, is not known,. 

Meteorological influence of Uie Himalayas Tin* mighty mngc 
ai moantuias el- tl omnia ting no irifhnmcc over thi* 

jitrl^oroTogtv-ttl ooridiMon&of India a* over its physical geography, 
vitally nflfcidiujr t*jtb Its air and water drculiilinm If-, high snow% 
ranges have o moderating iuiltienor on the tumpcnilurt! md hu¬ 
midity *>f Northern irjdm T Br of Its Ji.itiiiir mui it-. sittifi- 

tlon directly In the path, of the miuiRodtuc p It Is meat fnvon rah) v 
conditioned for the prceipitatioij of much of their ctud^med 
nioisturc, either a* rain oranew, * dm 1 ter* of enuSttnun* magnitude 
am nourished on the higher rangi^ by this prociph utmit which, 
together with the ubundam rainfall the lower rnngea, f + *d* a 
number of rivem T which wane down to the plain* in Inzudmla nf 
fertilijibg streams. In this manner Urn Himalayas protect India 
from the gradual deception wdiinh in merspniiim^ the t VntraJ 
Asian continent^ from Tibet northward#, and the desert * ondiltan* 
that ineyfiahjy folkrtv ount menial desiccation. 

Limits of the Himalaya# OfogtaphkiUy, the Him n In yin- are 
generally comdctaml tv tvrtlUmte, to the north wi^f, at liar great 
l_»nrJ of the Indus, wIiot it tiltta through The Kashmir Hlimikyns, 
w liilo the Wiith-eiut^m esttffliuty h defined by t he s imilar bund \*f 
tin 1 Brahma pntr a in upper Aiwsm. At these points nbo hhm m 
a well-marked bending «f the strike of the m mm tains from ilir 
gejtcral nortfi-w^i 4011 th east loan ripproxi moldy nunh mirl^mth 
dlflSPthm. Some geographers have refuel to accept this limitation 
*if the Himalayan mcruiitain 8i*Lem F Ixscuiiiw jicemtling m them 
h igimn-sL tin - i-ntmi jjIjvm a! unity of the Jufinings i^eyond 
the Imlin- and iho Bmhtzinjmtra with the HimaLfiijas. They 
would extend the Kara Umiitlaymi to alt themi ranges to the easf 
and West fi\*, the HaiDm and Ilitudiifitan mmmtmns and some 
raiign of Bnrnm) which origiimU-d in \ be s&tim great sv^U rri of 
riJocene omgetiir llpltesvfds 

7'Av- Spntomtt /frstiff **/f^r trmddine^ of tho Tfiiitd^ 



phyhjuajj mATunm ji 

lAynn chain imd tU coat Mid t^rmirjutionft pcmtefti much 
fimm a crtnHxtuml poiijt of view 1 and! qocJ furtlicf rw^EUUfltiu For 1 500 
rnllea from Aranm to Kashmir, flip tlinln folio wa one jurrsiii trail j>,E T ' 
N\\\ dirtvn in 4tif| Hu-o ip]K4to io krpunai' sirfdonly n*. one of 1 in- 
gnuttwl undmn.^ cm itin a tip,, Xnnga iWbal fWd}, just whom 

ihr JinliiA Ji»* <"Ul Jill jrotiuriiwjjr dftrp gorge* right rnimrsd ifjo rbaiu. 
(hofngimJ etuditt* have* 4trc«-n that jm\ wt this pnjjit the itrike of chi" 
mminUiwi lunch *har|i)y tn (la.- *wth and then i<p ihi> iwnth-wM, 
|aHFMltii_- through ChlJai- .ind I Iop-htjh . insr^l of pursuing 31^ north- 
iv^traly ofetimo ibrnuidi OutmL All Llm geoEugifJil iboitnUoaiN bw 
taho t sharp hair-pin band if they tm hmi muod a jufouI pntni 
nbfitrnpf mi: f-bfitn, Tfd* ^xtraordiimry inflexion Ailcit* thp whole 
luvadth of the mountain* Ihgti dirs £not-faiUii of .Ihi-hm] ^ th» Famine 
On the vest tif tJii *qpniiurjt (ns 1 hi* acutelyrefined bsinrifoof nuitiiitaiii- 
M1L1 in termed) tile ffiniAkyan strike string* (mm the nfmubnt ff JL 
to a Nl-to‘Si cUredjou Jit Jiuxoru nnd cautiniira w* In Gi%ri; then it 
turns K.-to-W., the Pisiuirashowing a dlgtinut equ*toriid tUftpadikpo of 
thoir geologic 11 1 & rami tone. To the «ouUi*at»l .1 1 Li \hu main too* 
tonic dtjike quickly tukes on n N .ttV-B-E. orientation through A*tor 
anil Iki^Ai—n- ilirw’ti^n tvhjrh persists with hut minor departures to 
wt^trTTi AaoJUb. 

The tjantem limit of i]w 11 [in-dju^ ta-t-mid A-.>.un m not vat tpiite 
certain, bid from tin leu- gixigaffliplikiaJ und ^opJtpgtod ob^r\ jitloua that 
hsra beta imidet in this region it apjttana iii.it thu tectonic strike h«EV 
also muluigiHw a deep bicru betid from an easterly to 11 southerly trend. 
In tba Aralijiti Yotnn* the geological axis of 1 Ih 1 nvoEcntsJnff for several 
hundred inilea in moriilcunal, tmiiding otmUdy to the X K. rieor Fint 
Ifsrtx, BeVigai thit point them ai an nhrujit cadug to the N.W , Him 
to E.X K.-U .SAV anti Oniilfy to K.AV. through AtAiitn Jind Slkhnm 
The dunk' tErn^u mmirkiihli! 1 >raiJ* of llau inomifikiiMrxi* l* diit- 
cossed on pagr 4 i ^_ 1 

Clas&lcaiion of the IliinaiayaiJ Edngo 

ID Geographical—Knr g^igtaphintil purpoat^ Tiurnml Im^ ili 
vi(!iw| the long nlignmcm of the Hiiniilityaii *yfttcun into fuut wti- 
tjons: the / 5 n.^6 from llm Indue to ihe Stitlej, 3 EH> 

Tidies ferngi Kummn ffimxthya*., from the Suiloj bo llm Knli h 200 
inilefl brig: AV/mi fbm tin Kali to Mm Tfeiji. ntMt tnil. , 

long; and from rht Tiutn to tit# Brulimepurrji 

■irift miles bng. Also tho Himalayan ayabeni i» *■ Justified info 
three iuimJlol or longitttdjiml eorieti p diffriiriy from nm- ^nolhrr 
In well-marked on^rjiphmjil feianmi: 

1 IP. 2i. UiuIiii, Till SvhUix,- 1.1 Mu' \ U Jluiuilaiyj|-3 lip Rook*, T<vlimW 
"ini Hm^k-tiy. l?*t \* ,V. /.. v oLixv, |3|. L 4 P tti^K 
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fl) Tho firm* l/imalnr/a: the ImuLTindat lino ul high mtigt*, 
riming nbovri the limit of perpetual mow. Their averager height 
extern hi to SROflO fc-K-r; mi |L are ritunied liiy peakd. Hire dnunl 
Evt-raat. It* K^rniinijutmii, Dimuljjtirh Xnnpi I'orbnt. GaaJiec 
hrimu Gotiaiiitlmn, Najidu Devi, uLcd 

( 2 ) The LtH'-trr tliwuhii/a*' or the middle rtuig**; 4 aerie* of 
ri^iig^ aluady related to t he former hot of I« -wci- elevation* *eMuin 
rising lUEiiili ft ho v 0 11^000*15*000 fbet + The Le-Her Himalayas 
funn mi intricate ay 4 eui uf tattgQlt; their average width hi fifty 
milts. 

(I5J File Qufrt Htmtitoydis x or Giu rurtpMi, whidi inlorvyiHt 

hetwrem the f-'ssrr Himalaya ami the plains Their width rjuit* 
fmm five to thirty mi 5 ^_ They Conn a system of low faofUlh 
with aft livonigo height uf IMMMTiWti feel. 

Fill deologieal—regards peulopjoal st me tun* and nge tile 
1 1 1 ct]iiluvzirt fall into three brood slratignijihiioiil Im Ic.h mt zones. 
The» iK>n#e do not correspond to the guegnipliioji! 7 one a a* a rule. 

11 ) The Northern or Ttbifmt 2 *xtt*\ lying Mn'ml the fine of 
highest o! cm Lion (r\r. ihe rent ml .axi» crirmipriflilin” to the Great 
Himalaya], This zopu is 6 am prat*! of a oLUitinuEitm wes -Ihuriily 
fossiUfeniyfi marine fedimcnUry roci^, nuiging in from i h<- 
rjirliret Palmflozoio to the J 3 mw npr. Except near the north 
western extremity (in flamm md Kashmir) riwks hdu lining to 
thlB scono am nut known to worn *uath of the line uf snowy ih-jiJu. 

f~) Tlio Central «r yjfmtffapn Z&n ? 4 eoiHpri^ing meat of tht- 
Lcwjir or Middle iJiinnlnya* togolluT with the Great Himalaya. 

It 1* mostly eompoMt'd of Gryntalliiw ami mi'iimOTphic rack*— 
granite*, gntii&e&, und with itftftaaUUktiiU &edime&Uiy 

deposit* of very uidcsfii j PumiuO 

(31 The timer or £ub-WtitaIwpin Zvm f corrH^MJiiitlng to the 
ShfflUfc imp, and mmpamd ilmi^ eniirrdt of Tertiary, nod 
priiit ipuJJy >4 L jpper Tettimjft hitmenftqr riveF'depbtita 
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^ ,|1 ' iilim ' p i i voi* ! 11 j i■ I in niitiiii. i h f . .in-1 iippjn.iLt.uU KI|! T I|-1 

in thfs gOOgfughv ill llliliu imrl Hie =>lMlh 1 ' Hill-■( ri [*’j Ihi tin uvi k- 
[tictitjotK'd iH IFi*■ end (if Lhn cbfipUi jut hirlhi’t iid*h [filiation,, 
especially to that by Kir Siduey Lhirrmd anti Si t Henry Hayden, 
Second Kditiun. im2< m viral by Burraid ami Dr. A \f. Hrnm, 
which Contains fJie niam : I mnlitn ii- account of (3 m gtvi^rnpby mid 
the geology of Llio HeiljjiTliiu^ 

Physical Feature* of Kashmir Himalaya^ 

part* of the HiiELufjiVAri are yui uiu^plorvd. nut "JjIy the 
UPeotogy* btrt even the immi fnibirm of Liu? urography and • 
grapjiy aro not well known over vast mmm h The only parts that 
ere surveyed with so me degree of exacto* >» me the Punjab JJiiuu 
iRy&s of Kashmir and Simla-Chakra I a r & Jew uf the great valf^vr* 
of t he Control Hliniilaya.-. the thinks uf expjaritic! o3C|M-nijtXoit^ 
ami of the Tibetan travellers mid trader*, Even vvir hin Lhe^ 
there are? large diutriot# wind) on? jroo logically unknown, irfr, T the 
terrain between the Eavi and Snthij, which i@ nto&tiy tmencplored 
fEfomiii, while durtnete stidi as Bah,istatu ^uokkur and Ladakh are 
imperfectly known, To give iui idea of the t»mn features of u 
pfcotinn of the K. \\\ fljuntluyk*, its orogmpihy and phvyicml few- 
f.urcws* tha following uccutuiL of tin? geography of the Kadlumr 
nicimtnma* which mny broadly Hurve its a type, will be summarised 
below- 

The orogTaphic features—Punjab Himalayas -There is >« 6lom 
inn fortuity in jihy.Hienl features imd gmlogical coniiiitutiau of the 
Untcr-Middfu Himalnyan tract from Rawalpindi to Dchm Dun 
An admirable account of the geography of the Ka shmir - ITinif t- 
laynn region eh given by Frederick Drew win? spent imim' years 
in Cilia region , in his well-known bonk t Jammu and Kathitiir Ttrri- 
lort&j (K. St on Ford. London, IbiiTih Wltm follows in tin:- .11 Lion 
te* air nhrnigeineni from I Irk author* deseripi fun, iiu difled, to 
acune extern, by incurpumlln# the hi v^tigatioint of tiller observe m. 

1 lie centred Hiinahiyau &xis t after it a bifurcation near EuJu. Lus*- 
0110 1 i['QjirJi to ihn nmLhwttrfc, known jjj E.bc Zmiakru K.nuje. ter¬ 
minating ift the high I ieh fn-nks of Xuu Kuu i jy j 17 leer 1 1 [lie 
* front Himalaya ILirige of Burmni ], the uthor hi meh runs dui^ 
w-ost. -,k Muir uj Hietionlh aa tin? Dbauhidiiuj It ioge r . jaendjng 
Fart her to the north-nent hm the bigb piciuresqui. range of ilu b Fir 
P«jqat } m> t»njdfiJmic:.n> from ull parts of the Punjab. Bctwenn 
ihffec I Wo bmili hc$ of tilt! rm<t ftlliiT ' nvia of tile ffiniji fiii.n He 1 ' a 
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lougilmliiuil valley with u ^li "iini ... . . . tp-ml, «unr til 

nnli-is luiu* ilihI 2J1 niiltx lirruul In it* nitddlr, Ilia* hnnuti^r part. 
TTlff long diameter nt the nvil in pwalfr) t-iv f lu- getirml ■strikfr of 
rijf rangr-i in tfiiA pari if the tlinndni :t«. The total *rea of the 
Kashmir vjiJJi'v h 1DDU *q. mi lew, it# mean level ahum 6?m feet 

lihoi i the s^it. Thi' miiL'e-i itf ... which nummiid it at 

overv part, except the iwrmu gorge of The JhtJflm at Bammuk. 

attain, to the north-easi mul north- hohI, ft high ggmeraJ nltitode 
*»*» peaks rising shore JS.mm feet, I >n thasouth-western hoc 
dur. the bornii<ritig ridge, the Pir Punjab in of «in ipartt lively lower 
altitude, it* menu elevation tiring 14,000 fret. The be&t known 
passes of the Pir PunjuiJ range, tin- gnat high ways of the past, 
are (Jj.- Ikiijul Pass !| lim few the Ktidil 11.000 feet; tkdah 
glmt I’mi, I2.MO feet Ifamhid Pus, 03(KI fast, Tdtft Knti and 
Iirahnitt KukulArc the highest peak*, ftbrm- Hi,£00 feet in deration. 

The Outer Ranges ithe Sub-Himalaya or Siwaiik RangesJ 

The simple geological ^ true Lure of the outer ranges. The 
‘duns' The imtcnncw niHi'ci of the K-i-lirnir Himalrun rise 
from tlm plain* of the Punjab, conmictinng with n gentle sloptr 
fruiu Jtunnici, attain About J»no<> feet, in altitude, and then end 
abruptly in steep, filmier petpundieukr, escarpment * insmnk. 
Tlicu follow* a RUwciaioii of parallel ridge* frith their 

strike jftirnirtteiil' in a X. W.-S. 10 , direction, spparnted bv more 
or Ua» brmd longitudinal nr strike-valleys (the bsudrw of sul»e- 
queut Slmune}. Thtwe wide longitudinal or strike-volley- inside 
tin' bj]|* imv tif mull- frequent iHir.'iim'iu'i- in Urn central pin ts of 
Hi'.’ ffEmjilayas, nod , it rum « greater prominent* then?, being 
known tlwf* tut “ dims ** (*.9, Drhru Ihtn. Kotbri Dim, Path JDun, 
etc,). In Hu .huurn it htll- the extensive, pietnresqiie duns of 
L dhfi tit pur and K1 it li arc quite typical. ‘Hie kashmir smiley itself 
may lie taken an on exaggerated instance of a dim in the middle 
Himalaya. Huh outer hills, formed entirely of the younger 
lertifiry nicks, rarely attain to greater oltilndn than 4<wm feet or 
thereabout 1. The outer range* of the sult-llinialayan stone, 
ItfiituHed by the Kavi nnij the dheluni, the two east ant! west 
boundaries uf the Kashmir Nlate, are known a# the >10111)1111 hills, 
runtumlly. «* well hr lit Imlrigiraily, they partake of the r&me 
character* w» are wen in tho hills to the oast ami west, which 
hfti e received 11 greater dm re of nitontiuii by t ho Indian geologists. 
Kiitim-- .'bruit led molt- ittwards, nod for 11 mil of older Tcrt lory fmrks 
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(of the Mvmrn rajah * higher aliituda, *b&M to SOM 

Feet. Mr.1 lit' rait of the great; river*, lh±j Ommh and the Jheimn, 
lh ™ r* an mdeumtion or hi itoap fissure Liiword* into this region 
f nm^pondiii^ to im abrupt change jo the airwflcm of the strike 
iif hill®, Xn the eftto of the Jfcetum ai MuBaffantbiu! rlii* 
tlexTii'c w far more con^pfimoua mid wgriifienu t, tlu rmwlt of ihr 
w.vutftxkl twin! of the whole iiiuuntaIn-*v*tom r tin* strike i.f Un- 
Hbirdp Hltaikyiin rnrigo (hen* ctuujicing from ike u.^ijiI HOUtb-fii-4 
-nort h ■ west to north ftiu3 t^oulli itri 1 1 theory Utui^rgojcig mint hei 
deflection to northeast—south-west. (See ri. XV1JJ i 


The Midrib Ranges tL&sser or Middle Himalayas—Tb* PanjaJ 
and Dhjmtjufh nr Ranged 

Tin? Paojal R&ngc, ** Orthoclinal 11 stm^ture of the Middle 
HMigcs Phis region ooilhLsls of higher ninniitjjnm [12^000*15 I 0D0 
h--ti tut mti> by deep i-Hvrm-, nnd prcripiruiredefile®. The fijrm 

of these rmi^t be*r 4 n gmit writ™t to i Pit- outer hiliii dasorihud 
wbriYJy in hsMg ridgi^ of irregular tUlBOtfon that hrariah again and 
iigain, nml lit exhihlfcmg lens rom+sjioiidortpe between the 

I mention of tht* hilln and fhetftrtko rr|- the IkhIs constituting them, 
hi Uip J ir Puttjjil. a singularly wrll-ddhied range of ninuntuhiH 
extending from tfar K:ighnti volley to beygud the Ravi vnHoy r 
wliidi tuny In 1 fab-n a* a tvfw of the mountains of rjie Middle 
Himalaya,. ihene fidget* [utJnnt gattarnily a ^tocp Rscarpjwnt to- 
i^afEiji the plain* .m l n li png geul Fe slope tow .mb Kashmir. Sueli 
mountain* jin- Apeheii of a* hairing «m ortbudmal ,P errueture, 
with a *' jImt* i*» %■ 3 th p. :tH 0 ). To this «« 

(among rterrntl other® J i* fine i In preeenpe of r|*m#e forest vega- 
i.irnjii, the gWy of Mir Middle MirunJnx »l Mufliing the north imd 
noil h-ranlorn whipe*, *ulcs!ty-ded higher up bv ri capping of >:ri(iiv\ 
vv]sib thfrogjpo^ifH, >oii[ hi'rii hhipi.-^ eitb^ except m jirntoeEtxl v«tiev 
hairvn mu] ifi void fifanatr. iieing too stjap t^:> titmntaiEi n 
iHiII-cap fur ihf ^ioyi|:|i of fipf. -'th. ur Pillow tlir winter stinws to 
■iLvmmiUi.r. Hoij fli-ciksi of thn Rjivl thr Pir l^anjml m eontfnuiM 
In- the Dhita I in Ihnr retngi?, j^ing ttoongh J^rdhqoraQ, tHtnmminhi 
ftiitl StmbL tha mirldjc Hinuiln™ ^f this part are 

different fruiii the ftNHhilU 7 being mnipj^f! of ci stnnn of highlv 
COvnpraa-^yl and n it end mfb of % it irons ngisi, from, i hf PimiNn 
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And to Eonene. Tin - rtsirtl zone oJ t In- Pnnjfd i lingo 

§» raun^n^ed ul' the* [VroiodWUrnifrriiuti Fur map of the Fir 
Pan pi «» H XV 


Inner Himalayas 

The zone of highest elevation, Physical aspects of the tinier 
Himalayas—Tu tin* north of tJnj Pir Fnnjnl and Lhnutadhar rang** 
nif- fclw more lolly motmtmfi raiig«^ of I lie iimemoflt jttme of the 
Himalaya- rklftg above die Minw-lbin into ]waku of perpetual 
fftioir, TJte valley of Ku hinii in die synclinal badtt eudtaml 
btifewrcm the Pir Pnnjnl range t*« tJi# simlb and a n /iflftdinut of the 
Central tut in I ranuu to Uh ninth.- fii tlic Xurdi Kuithimr rnnge, 
jui oOrihnoL uf the S£an*kar niiifi', which forms the north-fUJutt-m 
border of the valley, ttfcG» me \H*kfi of firottl I- r p.iNn| 30,000 fed 
in height, Beyond dun range the ■ uiutry, with thv rwepthu of 
the dv&[* gorges lif tin' Middle T minis b a bighdevr! pJateftn-ckwit, 
utterly devoid of nil kinds of vcgotatiuii. lien- thru* mr rk^HU-d 
plateau h :i nri high umtuitiun-mne^ ao paroled fkrni one mint her 
h} grvir cjefir^irmr with nnij*^lk pruk* fmvi-rim: hi ferL 

The altitude Ht^acltiy incieiiJ-e* farther north, till the jn^h K* on 
dir- mighty Karakorum or Mn^tugh range* atriiuw the uu I mum ting 
liHght &f L fc ^ iMfi fwt- the ?*xxmd tugboat mountain ih the world- 
The Kmukonifll tdtain is file waiotwhed I h' tween Lndiu anil Turkc- 
flioh. The valley of them ragtan* dhow varying uharaotora. In 
the HoiEth-rttfit i' tin: ('liEingeherimo who## wfdtji i» fmm live h> 
die mik-* with *m avflragO lir*rghi of H.iN>0 fm iitum? -.^deve! 
From that tr. tlieimrth the bright of the vnlby-bod* riii^enrlw. 
till in firlgU cm the very lLatib< of the gigantic peak nfNangn 
Parkud Ibyumir (^ft3Q feet). dm rivers have mint deeply 
through the hum, bleak nm Lin tain* 1 lint the stn^m^ How at an 
etevatbo of only o(H>b -ind, m one ni^, feet, iibov^ * hn level 
of the >en A1 p3r\ecfi, rn. north und north-cimt Kashmir, dinro arv 

extensive Hut. wide pkittt or c£epj^ft»(n| tracts among the moan- 
tnrnn, hm wide to he callod volley*, rvf which the must gcjoapiciiaqa 
Mu the platoon* of Jftmmi iFUkKi fool high, Lingzhitiuig, lfl p O0fl 
feet, and Ihpfiana of about the &nn>e height. f Phe phydeat foil- 
tsirt L a of thb extremely rngginip wiml-«wept and Em^t-bitten region 
vary iiin j li ui rlHintetiT. Tlif'y pn^ecif rm pi 3petit of dosotate, lof- 
hoiind AltitiTiles mol fling dreary of valloye urid depressed 

hindF totully ditl’eronl (nm\ tho aqft harmony of the Kashmir 
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.. Bfwtn with Ihe abnnilnmtc of fimt-i mu I (iwkivafhnt, 

Tim rmil.ill wteadily dlmnlidie* rrnui thn faitly .ibundmit pri-dpi- 
fpitum in flu- finri'r And middle rAngea in an djiiunt Im il nIim'ih*: 
sif «n> mm full ill the dMrfct* tif Ladakh And OUMt; wiiidi ill tlutfr 
bleakness iiml linmmuejis partake of the eharautur of Tif*-i 7„i- 
ilnkli «.oiiL*nrthe loftiest inhabited region*- of the wurld, 1^,000- 
l.t.fHifi fiet Its abort but warm -mnnn th unu I ■ Ih- n ttiniit a rid 
Frnil propsto ripen. I)wlng to the great ojidity of tin.' u tiorwjiliaro 
the climate i- one of fierce extreme*, frojn the burning heal t .f 
"om* of t hit desert tracts of the Punjab pin ins iti the ifitv to wvariU 
degree* below fmseing.poful nt night. IIjiIi ustjen. lying directly 
to the north of Kntfhmit. And receiving some share of tin* mnm- 
Hphcrit: mo is tun?, has a. climate iiittrnu»di*ta between the Jmter 
and that of Ladakh. In consequence of tlm gnat insulation and 
the absence of any water ■action, there Inn accuinulileJ .in uibmi 
dunce of iletritat prodtujfca On the dry uplands and vnlfeys fanning 
n ji' iMiUm kind nf in antic-rock or rcyolith of fn-sli, itntlccomjinu'ii 
rock-fragments, The bare mount a ins which use from tlcin r-i 
inbjt tlio exquisite desert coloration of the riK'kn due to the 
ficanlbr twinr weathering. Between Ladakh milt tin- TJluiuIu.Jlnir 
Tange are the* district* ol ^icnskar. Liluml tind Itup-hn, uunsistintr 
of intricately ramifying glaciated ranges of diy.-iNiHim- nxih?, inter- 
sectcd by lofty volleys having hut n roe trie ted drain age uilfl a few 
saline Jakes And marshrw This m trued Country is nroeged. bv a 
frw ttudferouta; from Bimtn and Kutu to Til*rl. through high 
passes, 16,000 to Itt,UiKi feet. With the except ion tsT a furt of 
J^uiakh, which coruHsfcs of TartMUiy racks and a Win of Mf.wotuic 
Mdhzumtnry mcka on the northern (lank of tin; Zainikur oujiin- 
timis, liy fur thr larger part of the inner mountain* is couijiom .1 
■ >t igneous und nietrunorphin ruckn—granites. gneutuee and schists* 
There is nu oonntflrjKirt of the Kashmir Win iimib ,.1 the 
MimibulJntr in the Simla mountain*. East i-f I hi- Sutlej U„ 
Jlhaulndluu- range approaches and rloses in with tin: tireat Uimo 
(nyu Jtaucr. The iinjKJrtam Spiti Imein of Palmni-Hesojoio wdi- 
mt nts lies to tha nutth of tin* Crystalline gneisaio iui* of the Ulter, 

Valleys of Kaalimir 

The transverse valleys. The configuration of the valleys In 
conformity with the |ecuiiuitiei «f thi other Himalayan river-, 
briefly referred to nbovo, the limit rivers of Hus nrtiu — tin* Indui-. 

>1 heh mi, L'lioJiDh, Kavi, mid Butlej—after running i"r uirialiJi 
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■IiMf.i||i''‘i* Jlh mu; tlif trikt tin- ... m*. -ihI.Ii'nIv iauk«. .17, 

.jfufi' ht'iitl 1-' 1 Iji .Hi'I if.itt 1 J 1 r<-1 ■ f|_% ucmm.- i|v fnn*tntjiiru>. 

■J'Jn- Sutli'J, like '111 JhUnh, i.iki-. ,r-. ni'ijjin ill Tibet. much to 1)10 

mirth of tin Iitrk-TilH't wn 1 -r ln .Furl nt the (mint of the 

Iftod, « hirge tributary join‘1 ifir . si ream and forms, oh it. 

wr*. its upward ivintiuintioiK Thr l Irlgit ihtis join-? the Indus 
ill it* it mot ho 11 1 'it I Fir' ,'-M.i t;li tint unlw in join* thr 1 *hrnnb 
111 itii fiffit iturn! ill Kiuhtanr. II lilt tilt All., at ill hl'oodiI earn- 
liluiiiivunjn, nlmvi! KinsL The kiiilii'ii^ngtiMUl tli" Kunhiir meet, 

tin* Jhiflum ;ii . . I. irbrjf lJu» JjiItit take* its aeutrat i-urvi- 

HoulhuiUtk tH'fcirr? emerging inis) the Banjul*. Similarly the Spifi 
river juiii- till' Sutlej wlwn- the In Iter taker, ft* find southward 
mm. ThtSfcS inmmi'RSf. mcuarripieiil valley* nf the Himalayas, 
i ' a 1-Iinll w Infer, art* of grwU Importnrtpp in pro ring the 
antiquity of the Himalayan river-, an antiquity which 1 futon 
Iwifori? tin 4 elevation nf ( fir* run un tain-in-item (nee jiagn Mj, ’Hie 
configuration of tlm raltcys in tin? inner Himalaya of the? Kadi* 
niir ri'giisiiH i« van* jn*i'tjJini, m< i-^-T' ol t h r- valleys ^huiiiiis un 
Abrupt alternation of deep L 1 ahapiMl or 1 -shaped gorge*. with 
bm«d shriving valley* of .111 open V-whttpc. this in dun to the 
scanty rainfall, which i,« j*mi- rlf.^ in eroding the dopes of the 
va]J,?y when) they ntv fumirtl of hard erysiniiine nwks and whom 
iht' downward luminiin nf the lurgu volume of stivnius jimducod 
hv the milked arum* in 1 1 ll Mile agent of vaIJey-formntion, The 
bmwi valleys « hirji an- idway> round above the gorgekhe portions 
mv ivirvwl out ol nifi detritid rooks n hichi having no uovet of 
vr gelation or fVjrvst growth to protect them, yield too rapidly to 
jmn'hnoieuJ dinintegriittuii, .Mirny of the rufluvs nro very deep, 
Tliw is purlieu In rly awn in Dram, Kamnh and Gijgit, By far 
t)lu of all M the Indua valley m 1 !%it, which 111 places is 

bordtsmi by stupendous precipices IT.iHHtfwt m bright dram the 
b-vrl of tile water at ir. Ja'tJ. Hint this enormous duum has been 
ruca voted by the river I ly the ordinary pro™ of river-erosion 
would Is- had to believe were not the bet comhirivuly proved 
1 fus premier jjJ small termors nf river grovels at nuniemiiR 
IfVef* above the present surface nf iu a Mfenf. 

Al Mfiipki the Sutlej rev. ivrs its principal tributary, tho gpiti 
river, which has drained 1 lift wide -yndiiiiii burin of Minimi- I’/daeo- 
*° i<J ““J Mi'iwadc ^edimente. Uj to this point tlm StttJej la a 
ftlrikr-volk-j , flowing nlnng the wh"Ji- length of the alluvial plateau 
nf fftmde- in » prolnniivl 3lKKi-foot eafioti. acnvntal through 
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fn.pn'KniiFriUy IWda.d i^ifr/un* I1 liJhL<*ooj^ hoitldur gravel ami tiny, 
deposited hy itaolf ul a former Mage of Jtr history. Below EShipki 
ihe river Ennis wmiiIi and n variety of geological forma 

done of ibo KtiJrakar mid tin* Great Himalaya range* jji narrow 
gtiqgfeg Hi ill are 1 0^000 feet tkop al plm*-*, with pcrpt'iidiciifrir 
rock-cliffs of GOOD to 7000 Cam sheer Mill. Its through the 

flub-Himalaynn Tertiary xonr hllbw Stadia -ahtiws that thti river 
at various fctagos must Inivo been imjoded and dr-ilcc led m tie 
eoura- again and again lay ft- own depcwtH- 
Frum tho (meeenee of immerout? fcemsoee of 1 Iscimnno silt along 
tin# eimmid. the former presence of n chain of lakr.i all alow the 
eowrae of the Sutlej through ibe high mountains is indicated. This 
featnro si shara; with tfie Jiiohim: f hriinN and the Ktmhar. 


Lakes of Kashmir 

Thorr are very I few hitas in t he \\\V Hlmalayaa. contrajy to 
what one would ex peel in n region of iu= dewriprimi- The few 
noteworthy lakes lire the VVniur, in iU\ valley : (be anlr Ink®# n|' 
Ladakh, bearing evidence of a prottn^fve dMtoeation of the mini ■ 
try, rir..* the Taumoriri in Knfxihii, which fo li’V mites Jong and 2 to 
ff miles wide and about ittfiuu fer?t high; tho Pangfeong in Lidnkti* 
which U 40 mdcn tang, 2 to f tulle* wide and 1 l.fh’M free in rlo 
vat inn, The origin of the two last-named lakes is ascribed by 
Draw ro the damming of old river conrws by the growth of alluvial 
four or dry iblia^ of their tributary *t reams across them. Xhcee 
hike# have got several high-level bracing of nhingh* and gravel 
resting on wave-cut tetrocea, mar king tlwireaQDQ&^ivt 1 former levels 
at coii&ntaruhle heights rdk>ve ilie jsfrtwmt level oft he water. The 
wide, level volley plains of the! hangehmuio, Dipping mid Ling- 
zlntaii! 4 . at Jin elevanon of frnm lil,tHMi-l7,(>G0 fewt, may be re¬ 
garded os of hic&Ottittti origin, produce! hv the desiccation and 
silting up of Nadine lake-basing without any outlet, Thera are a 
number af smaller lake* or tarns, I with in tht* valley trf Kashmir 
proper oml in tho bordering mountain*« most of which an- of recent 
glacial origin, a few uf which may ho tine mrkdKUfins. 

The source of tin 1 Sutlej is now known to be the* two *wicrred tae~ 
(pound lab. h of Main warn war and Itakns Tab situated behind the 
Himalayan water shed tit nn ajuitade of l^OOtf h*i. (<■ the zenith 
of the \xak of Kail mi. Sven lli^iin has fbwid t.hnt the Sutlnj 
flows from thr Ratals Till which derives it? water by ^lihtarfiuuuL 
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lirfiiimjii' from lh« ■< Ijm ml Maiu^rmwdr uni) mvl> lumolty through 
ufiv vkihfp 4 ]hh!im'J 

fflkders of Kashmir 

Transverse Md lougitiuiiiial glacier*— In Drew** work, already 
TiientfniUTl. fcbaro ui a wiaw-map of Kashmir which admirably 
uhnw* the pre^mt ii iI jlii Frin >d~ gljacfeni urcd ^ now-field* in the 
ihuH' rluvaUt! jmru eif t|bw moujiljun* btynurl JinfM fret olei ation, 
W ith th* MftjplictT] nf a few mimJ] ghunrr* In the- 1bnmhn moini 
tain*, thurv are no glacier* in the middle end otitnT Himalaya at 
It i tin- /:oisk*r mngo glacier* aro miri^mri* though 

to .. lily -It «ni* Cuiiffv, on Du- nnith-m-tf slop©* of iJio 

towerfng ^mip l^rhal t2fJ.li?" fi-tt ) p do iln-v appear rn great 
iLiiniberH inicj of Urge Qn* of ho JJffiimir) ilu- 

•wMfe to a level of WOO feet uhove the *». tianr the‘Village of 
Totfflhmg, Xurt Ii and i iort Im^T of tlnw nn girtr iers of an y rirngn i 
ttulo occur till tin? Hum* valley on iltr *uuth of thn Mustiigli, or 
Riijiikuniiii, rung*,' is tvjirhwl, whon<- i-imnnnu# ^dowdiijItL? tt re 
ilruiiiui by * ttttmbftrofilljpbgW i © r* which are among the Itngntsi 
gfecfflO i of the world-* The Boiiiltem ifffe of this stopoodouff 
mountain duiln inmriahiw a ituinhtir of gigantic ^T«clcr& souse of 

which, the ftuiJo, Ilif iiiiJt^fir, The Sfarhrti. the Rcmu, mid the 
UrtihJu gbrfeni, nrv only culled in nhv hy the gnuil H uni boldt 
of i irmiiEmift. J lien- err two of the*# ghickirfi: those 

hiuls deyfr-ud italic vtrwJy to the strike of the niuurif-imni situi 

lbo«j which ihwciui in iMiighuciinn) valley pamHcl lo tho trend 
of tJir mini m jiuua. The hitter nrt* ofhirge dimensions mud are more 
dinUh' m tliar triovi-mtmta, bur frrminato nf I ugh or doviiticirm 
(jilimit lO^nOO fevt) than the former, which, in nuii^qiionne of thuir 
grade, tlawx'nd to m maich m &W(* to TWO feet. The 
lii/tfu gl 'it irr ot the Shigar trrtlley rvarhe^ nearly Jo mi\m in Iciigtfl 
am! l!je llhifaat* 3h iuiis^. I fir lnwe«r Irvi'l to which gtaciorjs do 
m the Kashmir tiUmUy** lh 8(K hi ur itvrm 7mm fitet. mxrh- 
istg tjown to cultivator I groiihcfe and Oohhi fully in\m feet lower 
Until tin 1 lowermost Hunt of the gbcior^ m tlu- curt tom 
of Xiifiiil and Sililtim. Many of the;*' gblciiRg show seeulur varin- 
thm> indicative of iurmiw or dimlmifiun of their votunute- hut no 
ddinttc atatemenl nfgetjera) appfiofition can tw mu de idiout. t.h^e 
tdiimgr^ ip. A"iJ. Hit- majority of ihp glAders, like Llie T »pm m 
iin- jiiuI leaving rbejr moraine* ill fmuL of |hem. 

“ ,d ** lmaa <“*™ * 
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which luivr hrwm« Covered by gru^ tmd in «omv p&mm even by 
tree*; bul olhrr*, like ihe I'a 11 mi glucur, are jdcndUy advancing 
om th&it uim terminal niamiMu 1 
Proof of Pleistocene Ice Age -Tbet* ur* ubufuhmt PTulenrr-H 
here a* everywhere In the HjimEay*#, of the former gmatef dc- 
Fi’lr.ipmtfrii of glacier*, ultlmn^h i \wtr tin.' an h it!uhitable pfpqfii of 
their ever flminp descended h i the plain* of iL- Punjab, or ovro 
tn the iOfnir hi lb "f the mrter Bkmbluyau. Lafg$ tnoHjifirb'd 
blocks ure fnnjimiit.ly met with fit vjtrinUJfl lotralili&i, ai -.it n m r tolut* 
in one CttM, hot little nbwc 4006 feM, Tin? Jbeliim vii.Hiy >■■ 
tween OM And Bftrortiulji cmifnim* a number of krge builder* of 
granitoid guri^ ItMLigbt from the summit uf this Kaj Nag range 
(to 1 hr KAVJ, -OHM- <if whith are a* large a* tfittlg&s. The^ lire 
eommoii pltcnmnetm in oil the odtftr valleys; rock-puli a hi rig ami 
grooving not well seen on t he cliff-face^ of the lidar, Situi, ami 
their triinji.arit-a, while typical nKtalr#»m&ff are nut ran' on 

the hard, raMmii. rock-surfaces iti tin- l^sds a side* nf hew 

vii lit-\s In the Sind uillev. near the fKluge nf Han .. 

nn the road to Bona Mnrg, Drew Jnt» aren n well-grooved ruche 
mnuimnizr A littlu higher up, at Son* Haig ffarif (fiOOO feet), an- 
&con mid n la ting volbjrK itmde up rmilreJy nf moraines* In the 
valley of K^himr proper mm& of the fine imfmJpahln buff 
eobumJ ^iuU and fa minuted dnyn* Jtttcndrntiffed among the 
Kjmmji deposits ere nf glue hit origin ( N rock load v % formed 
■ luring melting uf the ico in the interglacial petiml*. The whole 
north-east auk nfilie Pnnjal range and ton Ih^extrnl cluvatioiiit 
above fiJHHJ feat on rl^ notitU-weat am coven-d thickly under an 
extensive accumulation old muniiiu- materia!■, which have 
b u r fal all tin- H 7 IM goojpgy (itt Fig- 3P). In norihem Balt bum, 
whurv tin 1 Lxi-Hling glaciers attain their minimum ilevdopmuiLt. 

there are other chornciariitH* proof* of «Jd glatriatkm at (dt lower 
levels than the lowest, of Ttiodoni glacier*; |Kj|iHbed rock*ttrfiw** P 
nu:k-groOviugif p peiehcd blocks, etv. occur ahundmitly in tbr^ 
BraidU valley of thin diatrirt. Many of tltn vallej> nf ihia rrgimi 
in their ttrnhgumtrun are of a U-^hap% which bier deciding 
■gendc* are trying to ciumge to the iiunmil V'uIuijk?, 

Other Mountain Baogea 

Other tangai of the extra-Pemnaub — Hmmiiu; tnwvtenpe^ to 
thriifitretd the llJniulnyf^ at ^ilher ufil-Hev! uunines, din! IniHevi i 
1 Fwr gtiUkH 131IM lluihfM TnUiy* FJ^i- vok Xiv 4 p«, J 4iui l h iMt- 
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In bdum; to the tmm By^Umi of upheaval art- I ho other minor 
imniutiun of cxim Pen in go far Indio Those to the wr™r 

;in- ifii- Hanking ranges- which form mountain-area un tin* Indo- 
Afghan am! Ini Jo-Baluchistan frontier, Those bo the e&£t arc 
tlm moimtnin-ntngi^ of Burma, Many of 1fane nsjigrs luvo on 
nppnMdtouite unTtk-tonuth but pronouncedly arcuate trend. 
The nairif^ of those important rtmgm are: 


Wist 

The Salt - ftangc 

F l \\r £niumum rungs 
The Bngti range 
Hie Kiriliur range 
The Meknui range 


• East 

I fjr /Wsaih nnugt^ 
Hie Manipur flm jfet 
The Arfikmj Yomil 
Thu Temi^rlm mngo 


With die axi^ption of the ^k-Iiaiige jind the As>om mupv^ 
the Other cnrjuntiuDJt an- ill of a very Hiirnplr type of iiiiujunim- 
"i mot lire, unrl do nqA hImj w the rum pies blT frfflfaff* anti (Jinml- 
piiuiea met with in the Himalayas They ait? again principally 
formed of Terliaiy nooks. Tho ♦Salt-Rango and the Assam ranges, 
however, in? fjnite fkffbrcuU ami ^ veru] utsiipH- loaiutra 

which we ahuJJ discuss later on. Their rocks imdfirgone 

a great**? nnioinit of fracture ami dialuoatiou, puml they art 1 not 
oompi>sed frit UrgdyofTwtiary ruck*. 

Mo un tans range.? of the Peninsula — The hn pent an I; moiintaia 
mngt^ of the Penmtula are the Annralli mountain*, tho VindhvitB, 
SatpnniwAhe \\ extern Ghats (or,n_^ tln-y an" known in ftnuiltrit, the 
Sahy rifinpf, umi the irregular broken anddiHooiitinuoua chain of r!e 
TAtlonB known ns The Eastern Ghats. < lfttte» p the AnmlJis aie 
|hy rmlv instance of a true toctonic inuuii lain o ho uT^VTihv nth el* 
(with one possible exception to he nicmMuod bdnw) mv Tm^rly 
mountain* of riraumdcimdntjaii, i,? r they am the outstanding 
remnant#, or outliers, of the old plat-mi of ihe Peamaufc that have 
estfl|)i; v l f*hc denudation of 5^. Xui nne uf them show™ anv 
axiH <d upheaval (hut in coincident with their present strike. Their 
strata show mi dmost, uniif^whcd hnrizoninlity,or,at most, very 
low angles of dip Tko Arnv■ jlM L _u^rr q^ roimni-m feature in tfn 
nhmiMOgpiia Hid ^nHig Snjiih i „f bulk, mid ^tended a s 
ii Pontffiunnjj rim in -f lofty m^(jimUh 2 ni : hr Dccgi n toj^a jldv 
1 ^- V0TJI ^ U hat \v*> at pf^i m yr d hu m am hut th e 

" deeply ertHl cdj^MOjj iiitjj drift- h- Tt irjuid.n.Tr»». tlmirmgtp st umra 
raiiJ hum in related cydt* of vruoioiL 
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Vinilkyii moiiniaii]:-. S*t p\i r a range Tlic ' ntfby rmiut n w hit*li 
riaiw (prildurtlly fitim I Jut **mth id ilm iidhgctir |iKiiItiis nulmmutr* 
in tim higldtuuR uf (Vutml India rMmlhyri HluiraJ i r»ni|irising 
liuJurc, Bhopal, RuntMk]mttd k *'U:. The ^onthrm edge of this 
country in a deep Jinu of jinritkttienI. fc^arpmente which cniivtitute 
tlip Vindbyan niouutoiu,* nnd tlirdr oaa telly cimtiimpiiimj, t Iil- 
Kdiiamr rain^t? r Their di-vn(iini i* 2fiO0 and 400Q frrt 

above Ho^-bvt L Tim Vindhyua Jim fur tbfdr greater part CflJft- 
p«cdofhorftoi] tolly Lttddvd ^dinientery ioctanpfamicrnt age. thv 
con tern fKiiarii!^ of iho Torridoii wimhitinn* of Smlkmi. Smilh of 
Lite Vindhyap, mid roughly pamlld with their dinxlion* nrr fcbu 
SaipLLm mount ohm, Thu norm’ jirt/tgm, meaning 11 aoven fofclf , 
to the many ] mi ml Id ridges of tinwo mountains The chain 
of ridge* ttmmenoefl from < iwyat and itewdn hiiia *nuth of the 
Narbada Talley ami north of the Topti volley* and HtmialiA* wont* 
wtird* through the Rnjpipin hdb to (he Western fjfmte. The 
Vindhya mid the S^tpum duun>. form together l tie tew-kbuim of 
middle Indio, Very Ityepe pJiri.n of t.hc Satpunta, both in the w est 
and the east, >im formed of i-eddrd tHiAiiths; the com ml piu-t j* 
uomprafid, m addition to a tapping of the Imp- nf a of grant- 
told uml iMtamorphic rewk*, overlain Uy Uranftrjja aaudatffltei, 
Some part* of the Satjium* give proof ->f li tiring Iseen folded and 
uphraved, the attiko of ihi folding showing H rough curiv^jHnjdimrc 
with tho genera! direct inn of the range. It w pmhuhle, therefore, 
tJictt parts of tins Satpurn - ure, like thv Arm>dlK a wot her worn 
rcnmool of an old tectonic chuiii- 

The Western Glmts Thi.- yf^^u-r jmri of rl.r l^iiir^nln la con^ 

gtUntod hv Hip Lhrepiin phitcan. It w a cmitm] hdileljuid os- 
tending from U" to 21 north latitndo, rising ■ihvnt £oh!mj find 
mtmn vlevatiuii uliovc the -usd « nvluscd tut ill 4dey Ipt hill- 
nuigi^. To .ij-p Lho SahyfldrLs T or W^torii Clhnt^, which 

extend unhtoken to the extreme PoutU of Malahar, wherr they 
merge into the uplatnl^ of tin? NHgirii T sumr of whim 1 peaba rw 
to the attitude of S700 feet above seadovxd (the DodabrtU f>mkh 
the highest of the Pcmnaula. From the Nilgiri* the 
Ghatv extend (illter the solitary openiug P P-dgiiol tJnn.. tknmgh 
thv Ambnalaj lijllfl, io Ihe extre-n^e «.mtIj. of the Pmuritmla, The 
Wttjstnm Ohai-i.n-i iha name GJtat deiiur^ an%doirti lo Miduhnr, 
Htecpddedr ipmu^l, flfli-tojppcd hill* or cli®i laving the Am him* 
i»-eooat ami rtmnMg with a gmoml paraikliam to it. Tlieir 
mean elevation m imm JOOh feet, Tiie hcimonUIly bedded lava* 
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(iJVhfrh Mi py on* irfndly<mm posed have, <m wtiftiheritigi given to 
them a charajierifiritj " lunding-stiur "" ujtport, Thin (H^idiur 
mode of weathering imparts !«* thr Ijiudnciapra of thu whole of tlir 
Dercmi n strikingly cons niciii mis future. The j ibyjHitral jispccl of 
tlw Wratom Ghat# south of Malabar — thut is, the- portion com- 
prising t lie Xilgirw, Aim intuitu, cte. — i= ijuito different from (hese 
squaro-out* steep-aided hiLbi of the JJNWfin projicr- The funner 
hills are of u mom rounded and undulating On time, u lot-hud under 
ji great abondmrtw of indigenmij^ &ub-troptD&1 forest? vegeiution. 
The difference in irceiiery arises from difference in geological 
structure one! nomporiUou of the two portion* of the Western 
Ghats. Beyond MuJubar they rue composed of tha moat anmonL 
massive oiyrtelhne rooks* anti not of hyrixuntal lay qib of 
lavs flows. 

The Eastern Ghats The broken and discontinue ug lint- tif motto* 
tniitpu* country bring the Buy of Bengal and known as tbr 
Eastern Ghats. hm neither tin? unity of aimer uro nor of outUm* 
oharacteriHtio of a jummtumcJimn. They form a rlisonntinuuuui 
line from North Orissa to Mudra* and t bangs continuing S,W 
through A root, its the hiil uMSSM of NalEaiiiuluis and Sbevarom 
they fuse with the Western (Jhuta in the Nltgiris. Their overage 
altitude i-' hardy 20TO feet. The coinjKHleisi. parte belong lo no 
one geological formation, but vary with the country through 
which the- bilk pass. and tho high gnuiml l* Hindu up of several 
unita > which are formed of Liu- shefep noaijiH of Mineral uf the South 
hulinn formations. Stiiun of theae Mflipn are the surviving relics 
mukni mountain-ehaJn^ olevatad contemporaneously with iho 
Amvallia, 

fine remaining, less impnrUot. bill mnge of the Pvniniula in thn 
trap-built btnjmubil liilJ of western Bengal; the N'llkmaliii lull 
urn? Cuddftpah uni built of gnobtooKO granite, and iho ShsvamVfl 
and Tacbulmuldi. mi nth-west of Hodni*, aril built of ehurnou-kiie 
gnr-tss and khmulul itas, 

GLACIERS 

Fbe miiou lliue, ix< tin JW-^t limit of [wr^-Ui.iJ njjuir. <ns tin 
* iJ * <■** ■ hi; Himalayas fat tog t| L r pUItw of India, varies in altitude 
from about L4 K 0GG Jhd on tlie port of the diuiu to 10*000 

feel on the western. On tJir Tih^iun. nido jt iw about 

^OdO feet lughnr, owing to tlu^ gratt diMiecatinn of Mint n-gion and 
dm aheetme of mature in Mm mmwm winds that have tntvere^d 
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tho Hlinateyii*, In Ladakh, with n wanty Fimmdi&ll, it ui I H.Obtl 
fool, In the Hindu ICunh ih" 4Vi?nigtf nriuw-ltrit 1 iu 17 miu ji-nt 
high, Owing Ui thfl Iwifjhj of th« juiipvi tho umUjiiJims i>f tin- 

l^or Himnkii^r whlMu fc*euerul ulrvAtinit (a Hm&ith'ruMy below 
10,000 ft»t, do IM?t twin'll If, hik] tJwn'iniW till liut HnpjHjft g la Her < 

ftt til!' pn^entday. Hut in *tmio of lint nui£iM, / r y. the Pir PanjaL, 
thnrt ta «kat rvidiincr. in the thluk nmraho^ covering 

their ami upper wlfipes, in thr rdriatud ami polLdied mafc^ 

j-Lirfaiw> t in the jire^isin K n of mmiiTy^ amtira, and other 
of mountain ioidjrt Eire by pki'inHe^ jiii^h nartn/Mf^ mil mmieraiui 
RHQn.ll Jakr-btt^fjjH, ihnl fifcflif range? wPw ftSt^rusirdy gUi'Iatvd at 
Ei bde gwdogted period. i rfjTi'HjitfritlUig with th* Mafatmeiio G lurid 
age of Kiii i»|h* ami Arumra, 

Glaciers of the Hmitlaya* The Grunt Himalaya* ur Hia ItUnn 
III" -t line 1 f tnflgtti of high iiitjlinlrH mulling beyond ^1,000 IM 
are the cnutmims gathering grotmtii of unow which fced a multi¬ 
tude ofplnder*-, uminof whbli mr nrmmg the largest In the atrrld 
milrdrii* t Fj 1 Polar 1 ii-t-h - . Vluuh 11 Mcminn lift- eajR'iuIed ■ 1 
t he Heicn tihe jihidy and oh^naMmt of lho Himalayan juiiiw lie Id* 
jin.il glaciers, I mih by the ludjmi fJrtdogieJil Hum y jjirtefjndjjgfriii 
and by imifiiitifle iMplrmnrs uf •iher tHrantrk**. r r g. P de 'Filip pi, 
Jlu hock -W< *fk ti l fin, l ’h ii n?U t . 

Their aiM—In titr the gUrinr# vary between wide limit*, from 
thdee that hardly move beyond the high ww&m in widish they 
aye formed, io enormon* nviliing tkfcw of the Arctic 

ctrolc* The majority of the Himalayan glacier* are from mo U> 
three mile,- hi length, but there am surna giant streams of twenty- 
four mffi^ and upwards, such aa ilio M li a ui and ibungotd glaciers 
of K EiiiiMtUi and the Zoma glader, draining the Kunalienjiiiigu 
^mup uf [rtwki in Hikkfm. Tii<» Inrgcsi -Hack-rs of lhe Indian 
iw^joil are tluw of the Karakormn. dwcJiarging into the XmIus; 
thL^o jiro the ami tilts Batiim of the Hum vnJby. *M to 

US miW lung, while the Biafd and tin? Biiltoro ylacioni of the 
Sbigar tributary of the Indua arc about 37 mile# in length ; the 
thitthn^A uf th*' ire-stream m giauior* greatly varies from 
iun lu Ui(kO itML'i. Still Etsor^* xnighty example art 1 lhe Slat'luuL 
uliiHer, fulling ini', r In - Xu bra aiflucnt uf tliu Indus , suane lymilea 

J'-iUg. mid Ow hi ddicnku >.*l Llic Pamir nniion oi abtiul Lho tamo 

diiuendoi^. Skmtv nusa^unnmautd tal mi the #aui id Him Bib 

tom glmJrr guve a d> [Uh *if MHt &« £ uf n-iUd kr: the I hit k new In 
tlia middle of Hus Laaly wnubl !>*■ oiiiuddumMy grenti-r, 11 m- 




£,f fjKOlAKJY OIF 1 KUIA- 

lhickiu.^111' Ice in th^Zwimattain ih WU lwt.wUb the FVdohenko 

b^3 a clopttj uf (ififtrly IWW) fdet ■'■I" 

Tittle ^rniit U m r 41 minis of Uw kimiburwiii donTilS^^ HU! 
vims of the him ire A*- of th.- Himalaya- •»* th- l>r^m <k>' 

jP3 iH:ipitatt0h nf mow in thiii rrpptm i* not sufftrtfliil t"> fi»d 

gtiut rivers <>f hie. Like the dwindling gliuiisfi of the Khmu Luo, 
thr**> streams hLho will gradually diminish in hijm* »n<i retreat from 



K%,i 2 Vi™ ,.f llw ^=*1 iUJdnn UU. UT- ih’i-ni o dm*mu 
I ■ v CM. CT<xiwin-AM*i"i<>) 


cuntumom# dafent >i “ aUwmtntioa The majority uf t Ln 

gtnciurb ftiv of the type of valley gkuieni, but wliat are known 
m h ringing glaciers nto hv lift means itncomnuni. M a rule the 
glaciers descending tmnavwtdy to tin: strike id the tiiiiujitftin art' 
shorter* mono tl net noting in their lower limit*. wuJ, wh® th* 
gritn ilwper, they dedreml to et»k low levels ns 1000*8000 foot 
in somo parts of the Kashmir Himalayas. 39mw. oi» the other 
hand, that iiiuve in longitudinal valleys, parallel to the id tike of 
the mountains. m nf a liitprr volume, tw scimitivi- to alternating 
tcmporotciTf ’ iLiiii senMincil vurintions. anti, I lirir gradient a lu'iTig 
low, they riirvjy ilasamd In tower !orrl» than Ui.imMi fret. 

Limit of Himnlayim glaciers The F*jjne<d him! of dtsivnl of the 
gliicoen? is not urnfumi ill nil parte nt the HinmJttV**. White the 
^lucicM of KAiiL'ht'jijmtgn in the Sikkim jiortinii hardly move lif- 
tuev the level of 111,000 feel silfinule, aad those of Kiiriiuoii ami 
Liihoul of I 2„ iMin tret l,ho gliwijcn? of the Kashmir Himalaya* 
jMttiNl to much lower limits, 8IMHI fort, not fur iibnw vlllugea 
* rni Keuij'cn iiwMi, /ir .. ojsj„ ‘■ id- Lent. pi. s, mail. 
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and fields la m-veral places recent lerminal moraine* an? ob¬ 
served lit m law a tovd 7000 feet. A ™ry sinrpJo caiu*o of thin 
variation ha^ b&m suggtsstotl by T. Jl. La Tondio la part it in 
duo to the H^mase in totituder, from I36 111 in (Jie Karakorum to iiN 
in the Kanobcnlanga, and ia part ta tha greater full of the uimo* 
Jipherio moisture a* n\tn anil nut at snofl in the irantem Himalayas, 
which rifle abruptly from the plains without the intervention of 
high ranges, than in the wtstem Himalaya* where, though llio 
total precipitation m much lcss fc it nil Takes pjaoe in tin.- form of 
snow, 

Fecmlmritnrg of Himalayan glaciers—0m> nntnhlo peculiarity at 
(he Himalayan glamor*, which may ha rnnsutorwl up distinct he, hi 
the presence of extensive superficial moraine mat Hr, rock-wa^tr, 
which aim oa t completely covens tho upper surface to Hi eh mt ex¬ 
tent that iho ico is not visible for long sirvlrho I tn many of fhc 
Kashmir glaciers it is n uhueiI thing for the shepherd* to on rump 
in summer, with their Hocks, on the moraines overlying the glacier 
ice. The engliurial and euh-glaeial mormno stuff is n lio pre^mt in 
Hueh q u amity as som a r ime* to choke t h e? j c*?, 'Hi r rI f ts mu t m *i 
of the gladera-.diHluned from.various observation*, is between three 
and live inches at the rides, and finum eight moHos *«» afK>ut a font 
in the middle. Observations an Tho movement of the grant Bsil- 
toto glacier by the Italian Esrpechtlon of lWO gave as the velocity 
of me at the Knout the wimps* rut mrly much higher ligiirt' of o feet 
10 inches III 24 hours, Tim durnud motion of the Fcdchento is 
about 1 1 feet, while that of the Zemn u si mehe*. In many |Mirl& 
uf the Himalayas there aw tonal tniditfo(u r supported to mail)' 
uofces by physical e vide nee. that then- i* a flltr *\ general retreat 
of Lhe glacier “OfUbj at the tower ends of most of thtf Himalayan 
glaciers there art? enonnoua lieape nf terminal wotum*^ left l^hind 
by Lhe ret mating ends of the glut?ter* The rate of diminution i* 
variable In t he diffbwni case** and no gra^ml rule appUen to all. 
Id again, therein an undoubted advance of the gta&tar- 

vhdn un their own LermimU moraines Professor rmiii 

study of the Himalayan and Karakorum glftdira ha« given MHB* 
valuahfc re^uJlK: the velocity of gbmu-re and their iu)viituMi and 
Tt in ul depend on topcgmphica! factom and not on rlimatio fne- 
tor*: the yetodtiy Julia Iwvii found w viwy in differcju gladrw from 
ihne inch lu nuuiy feet per day; Variation^ ill glacier activity, uh 
indituUvd by tnuCimu nU of tlw -unom, may l«^ dm- to mim* which 
am in ilislhiL't vuA-f. KimiiTar, jMiriocUa. «s«awil f or arrithmial. 
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Mason tihwrvcs that thi? Karakoram amt Himalayan glacier* 
show nu evidence wlwtover of any regular periodic* variatmn 
corresponding with any supposed west her ■cycles. 

In the sum met inonlhs (here la a good deal of melting of the lee 
un the siirfju.tr. Thu water, descending by the ctevasaea. gives 
rise to a ci-maidi mblo amount uf cnglacial and sub-giacinj drainage. 
The ju hui undated drainage forms an engine sal fiver, flowing 
through n [urge t smriel, the opening of which ait the snout appears 
os on itse-cA ^ e* 

Hecords of past glaciation in the Himalayas —Large and mpsu r 
oils m* an- Nie glaclera and 1 lie tinow-delete of the Himalayas of the 
present dtn ihey Jire hut the trilliGftxl nuimaivls of mi older and 
much more exEmariivn system of ice lloivs and hiiuiv Ikihfs which 
once noverod Tiboli anil the Himalayas. A> mentioned ahttadyy 
many parts of the Hijmdavjis lieur ibe records of an bJ lot 1 Age " 
Lu compandively rvoonfc I. Lines. Aecu eiiij In t luiis of moruiue debris 
jo v.' seen on the tops anil sides uf mnny of the ranges of the middle 
HittlnlLuiJfcS which do not sup perl any glaciers at the present time. 
Tonniual nioirinnps often covered hy _lj a--.:- . are to tie seen in I he 
Kir Kiitijai ut height- ahovc fee*-, while the nliap.^ of the ice- 
ploiied mountains and the U*ahapetj v jilbv^ at tinier ttuminaliiii: 
at the heads in JiiuphitheAtP^-lihc! hollows (cinjfiiAth urn very ohm 
not u r is i ic fun iuree of this range - Aneten # i i torn t n t>s ure frrau befcm= 
the snout* of ejdeting glaoierfr, oxiemilng to sitrJb Ienvi vTuvanonsi as 
dOOD fuel or oven 5QUQ fuel. Softtflkmiitt Hivtu mw gra&ay mm ■ 
dews, pi tin ling Lu the remains of old silted-tip glacial lakes, These 
fart.-, together with the more doubtful occurrences of w ho t muy 
be termed Jiario glacial drift at inuuh lower levels in the hills of the 
Petijiib, lead t-i the inference. that this part of India at bast, if 
nr4 the Penlrumlar highlands, rajH'riflfteod a Glnoiot Age in the 
PlclsUa^nr fuftriotL 1 
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RIVERS AND RIVER -VALLEYS 

llivMr» 4 with thi. ii triliuUry ftVMeiu*, tw the nmm uhAiidnb of 
dfidmige uf the limd-aurika*; they arc at the iame timo oJso th* 
«Wef agent* nf hind ent/skm ami *i'iiJ|Huiv tun] Ui* uu-m line* for 
tile Ir^cirtport of thu prmfucU of til* waftto of ihr bud to The sea, 
tin* drwiuigie-fli'ntuiibi tif ilm t-wn n-giuuft. l-Vnmmttar and eortm* 
Punituiithir India, having hint tu (tcroimiimliiLc thcm*c I vet to two 
very widely divergent Lyf** of (npojirapliy, an* necessarily ™y 
dlffrreni ill thmt character In like Peninsula frbo river-tystems, 
as w obvkm*, pro nil uf gnat antiquity nm\ votiBBqu&tttfy, by the 
rea^le^s degradation of Ages, their duutitfil* fauve approached the 
bit. liittge id river-develojimpnt, W; M the -ferri/ojp of <« conn- 
siisnt. The vulfovn *re broad ami H hallow. chamoterririn of rhr 
region* whore vertical ^rv^fon bile nbimst opumhI, and the lateral 
on^iuh of the hunks, by wind*, min, and stfriims b of greater 
moment. In rtai-seqiirnci-i *if their low gradient,* the wnier ban 
but little ti , M»mentum p except m flood-trrac p and thrrdbfo a low 
carrying rapacity, in normal *efL&Ous they arc only dopn^itmg 
agents, precipitating their *ilt in porta of their badn^ alluvial 
banks, estuarine fiat-. etc. h whilu Mie sttmm* flow m flasj p shallow 
meandering volfoy^ In other wnnK I he rivers of tin- I Vninsula 
have almost baacdevefit*d their courses, and aiv now in a mature 
or adult, stage of rlirir life-history. ‘Their Jl cniv e of erosion ie 
tu-e frpiii inngiilarifcw af moat kinds except thme mured by late 
cArth-niiiveriiont^p find ie tporo or less uniform from their Animas 
to their mouth*. * 

Easterly drainage of the Ponhisnla—0uo very notable pDenli - 
arity in t ho din Inogc-system of the Peninsula k the proaowiwdly 
easterly trend ofits main ehaiutck the Western tlbitt* p ailmtai 
«n dose to the wmt bonier of the Peniiteubn being tin- watched* 

* ft vwmpl bn Hdicl, IiuwiW* t\m \U- ^luulrelii mo wivnlfo tm ir**o aft, W 
fut iW«T llirn» Jcnhuw *hrH|4 iHljftiiVti Mw Ifc* fiiUui* ef I nh*. 
-\mfmg Duj bwir lan^-ps w»urftjittji nt"8f>urPi Tmtift hib? the ^vwifflJWrtlll 
lk» Cmtvtrt in whidli Iiavi* n heitflit -d nN.nl 3>w r™rs ; ;b« Oiitak folk of 

flip nivr .,■] U :.| immT in thv> Balfniitfl «UAHnt. wfiiL»b aw E&ll fyl iti Im-i flit; Ujii 
^ IlhtfmfuUkiir “ Of ihn iff liirr NnHwfir in whink ™ ™ 

Hwih ti. #» -..LlttPjj-.-.j wut.'f in Mish 11 1 I II" EftLirf nnrimw^ai«J Ip?hiv.t« 

Mp- VtttoliyiA of Iniba aiu *#•■* ih* - sluirawR In fcortli 

KHaim, wh.ire Ihii nv-r U {ferc^JJat aCWIT * oi r f^ 4 

i^pp s iif to «* *k^ m l^p. Vena* f-ut- or Ilw hi \U 

iJjMyyifitl r»>“ r iiH'luw tu UHH ]pma irflllr u.r 111 Pt a ' * llL ^ ‘ j 1 . 


Ili^vcid sw forr i.*h»w m tn P f«W wfiik thr f*lN ■■! U-. r<uKJ» •« 

«lw>mifj *(wii 3 y in n eHwwMnwtb* *wu> F'^ r J l J ' “ 

Li tiiAy k? wiiil ihnc r«JI^ prv tajair "f P'UUlWilAf 1UBi 

P^miAHkr lMb« Pm4 bw ...^ffitauT ittawWe. m * I-iK ifflotoplwl 
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ihuii r>rniir*i. 
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Th^ rivwi that i^EiAr^r 1 into I hr liny id Fn-ngal rhim hi^-e thru 
ao-tip™, and derive finnr I son si vriUTin. iklrimsE w\\ hm nigh I ol the 
Arabian fSua Thm fejit 11 rr i n a hi rid arei i o!' ^ ii oh a f s fh|i i i Ey n s r I i a 
Ftm insula. whom & complete hydra^pijiMr syntern has Ixvn in 
exiaicnco for a vast length of gottfpgpo t imu, iff quite iiiinmnlcnis, 
nnd several hypotheses have been put forward to account for it. 
i *nc auppoflition rvtnirds this fsurt as Jin indication that hJicr |irpflt h nl 
Fenioffnlii iff the rommning hah of n land mass, which had The 
Ghats Twy near its centre a*? ifs primeval water shed. This 
water-shod has peraiated. white a groat ratemann of the country 
west of it linH bedn tsu bi nerved underneath the Arabian Son* An¬ 
other view* equally probable, is suggested by th^ exceptional 
blAuivioiir of the Xnrhmiu icml the Tiipii. These rivers diHeharge 
their drniiuigr to the west, while f he other chief rivers of the Hrea h 
from Ope Comorin through tin- Western Ghat* nod the AravjdJb 
to the Siwdfik hills mat H&niwac in long watershed ofnOO niitr^i, 

all rim to the oast. p fhiff exceptions) riiru mat mice Sh explained 
hy the h opposition thus the Narbada and Tapli do not How in 
valleys of their own eroding, but have imrrpod for tlirir channels 
rwo fauit-plftnfta, or (loopnJliiviiimdillcut rifts hi (he rocks, running 
parallel with the Viudhyaa, These faults are mid to have origi¬ 
nated with the bending or M mggittg t r of the northern part of the 
Fteninsufct at the lime uf the upheaval of the Himalayas ay de- 
ocriberf before. As an accompaniment off the flame disturbance, 
the Fcnruttulnr block, south of the erackn. ( iked alightly coal wardn^ 
causing the eastern drainage of the area. 

Tills pticnliariLy of I, lift hydrography of the Fn t mai i In iff ill im¬ 
itated in the distribution and extent of the alJiivjjil margin on tho 
two Boasts, There iff hut n aeanty margin of alluvial deposit on 
the western urinal. r-xcepl in Gujarat, whereas there h§ a wide belt 
of rii-erdkirne aiiiivnjFiL oh the east ■.thj*( + in addition to the great 
deft itic deposit* ni tins oioiitfifl of the Mahmadh Godavari, Kmtna, 
f juivor> r etc. 

And her peculiarity of the w p -n t auaet is the abduce of dr J talc 
dopoeita M the mouth* of the river*, even of the large rivors \ r ar- 
bada and Tupti. This peculiarity misea fmm the hurt that the 
of the currents genemUd by thr mon^OTO gali-s and (his tMm 
[h toe great Ejf allow nihivkl apits or liar*—thr akelebm of the 
deltas—to uocunmlfite. On the othr f luind, the dehuuolturefi of 
thw stream* *\tv hmad deep ttrtpariiH daily swept by ihv recmTing 
tideSp 


t'HYbli-’AL FEAlXltKJ 


As u contrast to the drainage of Peninsular IjiiJjki j it should |» 
noted that the island of Ceylon ha> a ' radial " drninuge, it. the 
rivers of the island How oik wan ts in alJ directions from its cent ml 
highlands, im is well seen in any map of Ceylon, 

The Drainage of the Extra -Peninsular Area 

The Himalayan system of drainage not a crmAtj/tuM drainage— 
Tn the extr&'FtuiiJiaiitii lli e drawn go system, mving to the nnwin 
lain-build inn moi'ciiU'tii i >1 ihe ini i- 'i'-Tlmn ngc. is of niiirtl Hum 
rooml rleve luiunonl. and differ s j-ariicall y in its Timm (fnturc-i anil 
funrt«ii> Irom linTTuf the I’cnHisula . Hie rivers hero itrT not 
niily eroding find I: rui importing agent* but nh 1 also dnpwit mg 
agent,* during their journey imrous the jiliiins tn the seo. Thus 
they have built, the vast plains of North India out of a part of the 
sill they Imvo removed fruiti the inCumnins, The mwi importa nt 
fact to ho realised regarding the dm inn pi- is Tlinflt w nor, in ulanff * 
measure n floji^/i/cwr drainage. »'- its for mm inn wax not eoni-e 
quent upon tli- physical features, or the relief of the country as 
wo now m them: but there are dear evidence* to show thut the 
principal riven, of 1 ho nroit were of un ago anterior to them. In 
other ironies, many of the great Himalayan rivers unj older than 
ibo mountain* they LravoWO. During rhe slow prooews of moini- 
Inin-forma!ion by iho folding. contortion, and upheaval of the 
rock-beds, tins old rivers kept very much to their own ehsoneU, 
elLhuugh vortuiniy working at an icooferatmi rate, hy reason of the 
great fttimultm imparted to them hy rhe uplift of the region bear 
their source. The great momentum acquired hy this upheaval 
woe expended in eroding their channels at a faster rate. Thus the 
clevottmi of the mountains flnd the fumiioii of the Talleys pro¬ 
ceeded, pari /Hutsii. amt the two processes keeping [1000 with one 
another to the end. a motmUin-chain emerge!, with a completely 
developed valley-system ioumetting it in deep ttuwrcne gorges 
or cailous. These long. ■ Jeep precipitous gorgro of t he Him a lay as, 
cutting right, through llic I in* of the highest, derations, m the 
U1..K1 chamctoriNtif fuiil.urcs of the geography, rind are at once the 
bt-o-marked results, a,* they im the deareel proof?, of the hi* 
i fjiwquant drainage of this region. From the nbovc peculiariLk* 
Iho Himalayan drainage is sjHikmi nf as mi nutt&dfat drainage, 
mean Lug thereby a system of drainage in which the main chatmd* 
of How Here in existence Imfon? l lie present feature* **f the region 
were iuipreii^i on it. 
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The Himalayan water-shed —This oboiimfltniiw of the uiilvce 
,| t .ni, drainage ajno give* an esplanution of the muehnoLed peculi* 
nritv of --vi-nil of tto great librndnyan rivers, ry. the Indtn*. 
Hiithsj, fthagb»tl)i, Alaknauda, Kidi, JUmaU, Guminfc, Koai and 
the arrthjtm|pUt». l h.it (hoy drain not only liic southern slopes 
of moinibsuM, hut. to h Urge oitcnt, the nurtheni Tibetan 
sJopi’x n.H well. the watershed -if tin? chain U'diy not .dong Its lino 
of hightail peak*. but a gi^at distance to the north of it. This, 
of course, fallow* from wh*l wo have soid in liu? last paragraph. 
The drainage oftlw iwitlivin dnrpHs flow,* fur ti time in longitudinal 
valleys, in atiueiund t,roughs jwrjiibl to the mo until ina, but sooner 
or litter tho rim* invariably toko an acute bond and descend to 
rhr- plain* of India by cutting aenws tbo ini.unlaiiw In tbo huiiuut 
already drecribod. 

Tint transverse gorges of the Himalayas -Thcec Irons von- 
gorge* of i Ik? Himalayan arc Homirtimua thousand* of feat in dept t. 
in iu tha omcL of their bordering proaipitK* u> the level of the 
Wat, , .ii I heir iMdtdin Tho inrwt remarkable example L* the 
Indus valley in GilgU, whom at mio plow tho rim flown through 
n narrow defile, between enormous precipices nearly £0,000 feet 
in altitude, while tbo bed of tho valley in only Hint* fret mbow its 
level at Hyderabad (tho bend of its delta). Thi!* gives n> Hie 
gorge tbo st.upt-nilona depth of !7,00i> fwst, yet the (hoi thiiluvury 
jnrh oftliiachiHiu it. i-arml by tho river i-dear from tho fart that 
small patches or " terraces " nl riyor gravel and mtnd-beds are 
obwrrrd ut vnriaueetevatimiH nlmvu ihi- juf^ iit lx .1 of the Indw, 
marking the nuowssive levels of it* 1**1. Other cut lupin* uf Himi- 
lar gorges are numerous, t.tf. tlnwu of the Suth-j, Gmulak, Kn»i, 
AlakmnivU. etc. are deep deliles uf from OlHMi to 12,Ola) fw4 depth 
and only from u to lb milt* width between the summit* of the 
mountains tin the aide*. 

[AUhoiJudi liirrii Li nut tnui.il doubt now regarding the true oriimi of 
tbe i.rnnavuraa gorges of the Himalayas by the process itescrilLcd above, 
tliote valleys have given rim to nmeh discussion m the past, i! being 
not admitted by some observers! Imt th n *i deep defile?- [■■.nl.l have been 
entirely due to tho erosive power* uf ihe ftfcnufin* 1.1ml now i.,-etipy them. 
It vm. thought by many that nrlgirinlly they sen? a mint** of imusvime 
tlsnitt. ■> nr ihull - in the niruitilaJns which have Low siflwupiantly 
widened by water* actum, Another view wo* ilmt i.bc i-Jevalion of the 
Himalaya* dtuiunail hui k tlm old river# and converted them into lakes 
fur tic. l mio being. The waters of them lakes on ovi i flowing have cut 
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iJip- gnfp - uift^ like in tlir mAJUKTT of n in siring waterJ^fl*, 

Tin* filwMi-. *yf l.nui • ' rain- d^jvinii# .0 > li>- Ihmm j nf tin- pnriripnl river-* 
m.it Jetnd mpjpatttu UiU view, though it Lt prijkibk- that i3lJ_h fin. i or 

UkJiV hai'i: opt ilk Jh hi:^urjiijif v tun jij Itnurj Tbc dutik* nf 

[ho AJjikiianda again, is known to lint ucurved ii part of \U valley idotig 
n line of fnuft. 

*Oicfo rfl nn doubt, Wi?ver, thul &aint> of llu^o triinffvors+ > mlkryi 
fuimdy thorn of tie* minor firm, huve been ptcdiiterl in «i gmar tnm* 
mirv hy the prwMil of » k from the rnriibined nMm of tin; 

or tbp gLvnicr nt the head nf the river dotting Unde into Uii- 
innimttimfl. w L ino b y [lit* walcr-sbed. ruevd*d farther nod farther north- 
wards. ft is necessary to snppono this hccaugc t Ur v Eskimo of draining 
from Tins northern stapes, in thetinriy atopra of vidtoy-graftih. could not 
b jj i p Iwun .1:irgc enough to give tt “wifi i r e<<i it e r^- 5 vo t -\> r gy lo \. dtp 1 1n 
vnIJry,. ojwn during tlv> *n extern*? uplift* of the nurunUins.] 

Eiiror-capture or piracy —Many of the XEbufttayaii nvem, in fhtiir 
lii^lic-i' courses, illustrate the phenomena at river ‘OAjatnw or M pir- 
>tcy Pi . This turn hoppemed nfuimiiim tJtamgh the iwpid hcad- 
crosion of 1 1 tear main tfattmffw ztawm, capturing or Hd behead* 
ing 11 mitivcsHivdy the secondary latent? I lelonging to the Tibetan 
draiiinpe^yaiem Km the northern slope* of the Himalayas, Tlu?^ 
berf examples of river-enplane ore furnished hy the Bliaginithi 
iind otliijr tributaries of the things the Anm in the Everest men. 
Urn Tisuri of Sikkim nnd ihc Sind 1 river in Kaihmir- 
tfc Hanging valleys " of Sikkim —Some of the valleys of the Sik 
kiin pud Kashmir Hiimilfiyas furnish inrtvnctivo example of 
hnngmg vnftav* *% that it. Hkh: valleyg or tributaries wlmwe kvd 
ih -lome hnnclrciisor thousand y of feet higher than Ate lev id of the 
main stolen into whioh thev diwhKje, hanging valteya 

Ituve in the majority of jnetanec* «irigimitwl by the above pr^ncesd 
of rapid heaji-erodon mid c^iptnm of the laterni stroams «n the 
oppodit^ «b]>e r A well-known os ample \n That of a former tri¬ 
butary of the Tista river nf Sikkim, dweliorging ite waters hy 
piecipitou^ cascades into the liathong Chu, which te ilowlog 
nearly 2000 feet below its Ijed. Prot Garwood* in de^eribSof this 
pheiiiHinmon, niiggestri; that the difference in level between the 
bunging aido-vriltey and the main river is i)ne tun wholly to t hr- 
moru jii-tive erosion of i. lie ktter, hut aJso I * i \n- rEcenr ocoupation 
Of the 1 1 .l iigi]j l: valioy by glaojei^, ivhicli have ]>ra|otrted from 
the elfe of fivcrn^rosion. 


* Of Lbani, /l'«. OJJJm pi. .1. ] UOi, 
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LAKES 

Lake* play very liLl I. f jirl, in f hr drainage sy sjt-m of India, 
Ewi in lhi mount aim nm rj-gimi* yhJ fchn extra lVnin*tifri, Urtlau’ 
WJy in the Himuijivn>. whnv one might expect them to lw of 
faqmiit Ufflurwinv. bki'K hI notiiblp *iio a rv ywtt low. 

Lakw of Tibet Kmnaoii and Kajhmlr—The principal lake? of 
flio extra-Fenmaula aiv Minee of Tibet. inuludn^ tho sooml Man* 
Mjirtmiir and ftalnm Tid, i he mjratod nouroe of the Indue, Sutlej, 
ami I itflgu of Hind u t nidi firms (but which hove now been proved 
to be the source of (he Sutlej only). Jvnko Nor m ibr* largest 
|l60t> jk|. miles} amid hundreds of lake basin* in Tibet, ITh- 
MnnaMcnwar, 2<»w *q. mile-i in .tret, and Kafcna Tol, HUsq. mile*. 
«rw fraab-water l«W, white (Sunabv Teo, ft* mill* to the east, in n 
KnJinw bike. 1.1 mill's bmg, il being it closed batau with nut any out- 
lt!L Other i-xamph - are ■ dm hk^ uf Sikkim, Ymmlnk Oho. 1,1 
iniltw in niremniferEime (hum tolling, mi tea; the group of small 

Kiitiiani) Inkrj (the Nuinilul. ft him T.nl, wu-.J; and tho few bikce 
--f Kashmir. of which the I’angk-mg. Tsomnrid, the Sail Lake, the 
Wiihr ant) Dal are tin- Ih-it-knoWn surviving instances. There in 
-line ooutroveray with regard to i he origin of the numerous hikes 
of Tibet, which occupy tjuuisand* of square miles of its surface 
aiiij am do- roapienttH of it? inland surface drainage. Many arc 
regarded an due tot the damming up of the main river-valleys bv 
Mu-alluvial fntih of trilnitary side-valleys (K. drew }; 1 eomo u» r«- 
gaiYlrd a*, due fp on i-levetioh of a port inn of tho river-bed at a 
rale fitter than the emslnn of the stream (Oldham);* while same 

aw ngtnliKl an 1 rut tiewiait-holloBs, uroo(Hid out by gbdnt _ 

mck-bsamii.* The origin of the hi mm on takes ia ye! uncertain, 
while a few may be flue !>■ differential earth move men I* like fauJ 
ting, othen may lmvc been prodhOed hy landslips, glaeinis. eto, 

I he small fresh water lake* of Kashmir an- userihed a very simple 
ortgiii by Dr Oldham. They are regarded by him tm more inun¬ 
dated hollows in tho alluvium of the -Iholnni Jike 1 lie jMU of the 
Jbihgis delta. The Mnnehur lake nf Sind, a shallow depression 
iitily 8- JM foot deep, hut attaining an area of 200 h<j. ndtn* in the 
nXHtpoan, >*? ‘ n probability of like character and origin, forming 
t» [am of (he drainage system of tho Indus in Sind. 

1 JitMtH'i flJlJ A'aJr^nifr CLiift-JttriiL JH7.P5. 

1 Ih , GJ$J. Y<i\. ***. 3, J ^ jpi. 
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Salinity of tho Tibfitan lake® -The i ■. ► «d TeM e-ihihit two 
interesting |K'i-iilmritii^ fc r‘i;, r1 1 ■ < gmuung *nllmty of ihniir wafer's 
and thfir pronounce! diminution of volume ttmm late p - 
time*. Thofnrrnor (linumatunct 1 ih >■ rplnirird by the hiet thiT the 
whole lake-nrr-a of Tiliet posse^es on millet Itir drainage. The 
mternrptrd nad hstrirtod inland dminnsr* i hern-fore, iifconmnlure* 
m tJieao I ii'i.’tiri'i iLoddejur^dons of the h-urfaiv w h ctf -i-Foir evapora 
Tinn i& \ err actiYO, crineontrat iii£ I he rhemlr-iilJy dtoaohed nnb- 
stiiOihw. in f In- ftjilrj- . AH degree* of -.ifmhy •m- mrl with. r'mrn 
the drinkable water? of *0flne Inker to I W»- of nEln-i Mi rated 
with ooiimifio - . 1 1 r sodium carbonate. and ho mu 

Their desiccation—-Tho dr:*irratiah of tin- Tibetan lake,* <* n 
phtmumemm dfiarlj oWmd by m N trftvritnEv tn that region- Old 
high-level tcrn'ice* and sand and pm . rt toacltite -nr* to itW ^ feet 
atom- the prurient tend of their water-, are swn nimJUtitiirig 
almost ait the buna, and point to n firnod iv™|wimtivo1jr rweittit 
eh gunlogirut history when the water *ts>od ot then* high fnvdn 
This fliimmil ron of the vdomeof the water. in wont raw* amount¬ 
ing a h'Eid oitisiLticm of thn Infer*,, ID otn? of llttf rtigiifl of the 
increasing tlryjiu«s t/r lietdroatiow of the region tiurth oE the Hmia- 
Inyns fdlowing n i change in iu dUtHttte Tlu> i* 1 ultriliiitwl 
in some mvtwnm lo the disnppearaiier of The ghieier* uf thv !ce 
Age, mid to the uplift of the Himalaya* ro thrif great 

rdevutinn, which ha* oof off Tito 1 frmn fist- mmisoEinh onfWirb* 
from thu B4H1, 

Thfi wed nocked dsriowffbn of the lakt'& of Shard 0, Itiiplm ami 
other d 1st riel* of the north ond northneuM of Kashmir t.* a very 
noteworthy phenomenon mid has an impcpn.mi h aring nn thb 
question. The former high I. vehof tlirfr watem paid to a greater 
rainfall and humidity nnnrior ted with tin- jt mh-r e«dd cd a glacial 
jwriod, Tto Tiumn^ri ha*? a Urnicv Itr to neh Tnark id n Mghl of 
4U feet above thd pn^erit tovel nf jin The Rfctigkojig bke 

hiu* similar lynches nt vnriotli Invel^ the highest Iwjng lL!t> fe-E 
nbove the Hiirface of the pn . ant Ink*. 

Lakea of tbs Penia^tila— Hr.-^idi^ thn 1i s w -mall in-di -w ati r lak^ 
nfthrlVjiiii^uIiLtwoiirtlin-' sirim-ru= *il boll “ ■ m ’h- ^ dE • Karine, 
filJiuI with will mi" under—the Sir. Suk- n«r K Mat Kaliar, He. -and 
theiiiimrnniNSENdl -aluio or alkaline Unsbui »rf SifirJ lying 

amid awd-hflUk them &m two ipet iirrciW'tfS of impon.uiee ka^ime 
ofeomr- rxeeptional dminiMi antes eoimeetod frith their origin ^ntl 
their present peculiarit n?s Tlio oOO is tlm group of awalt4*kc« of 
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f>.i p 11 nE ana fhctitliiTLN 11jr- vn Inn tie Imltalv nr cmft-j lake nfLotlJir 
ill tin 1 ht-i H {ruii + 

The Sain bhar ^altdakc — Of the I n at or live nidi.-take* oi Itnj- 
piitann, Ifji- Santhhai 1 take h the mu&t important* ft hn& ah nvm 
of ninety aqiiarc miles «. lien full during the matiaooTF, at wbfpb 
P^rind the dept it of liar water i- a tamt four feet- For tin? rest nf the 
venrlt i* dry, t In- siirfluje In? nig tftimMted by a white saliferous sift. 
The riuitf uf thi-suLtiurj of the litkr was n&rrihod t ovarian* cimzm- 
*Uni!t-*, to Former rrtn£«d.inn with ihe (oilf of Cambay, to brine 
’ J 1 ri ng- 1 -. to diem i l-a 3 dtasnhitj on h 1 ■ m the an rmtm d i ng conn try fc 
etc. Rn? SirT. U thdimtd and Dr. Christie 1 hare discoTBrertquite 
a iJiffeirnr nuintf <«l Hpitfiglll. fhey have pmvrH (hut. Tlse salt n* 
i hr Sumblmr and of the other sail take* of Rnjputmm (DtdwMJt^ 
Phulodi and Pitch had ra, etc.) is* wind-borne* it b derived partly 
frutn the evnptmtion of the sea apmy from the const* anct partly 
from the ili idcatofl imrfnn nf Hus Kiuizi of Catch* fmni which 
fOtirccs the dried ralt-portiide* are eorrisrd inland by the provatatil 
winds The peratatem Foirth-wast iDOn&oaits which blow through 
Rajptitnnii for Jin If the year carry n targe quantity of inline inurt 
utid salt-partiidh-A from the shore ajirs, which ta dropped when the 
velocity nf the winds decraftH^. When once dropped. wind* 
action w Hot powerful enough to lift up I he parti elf?* again. The 
occasional min lull of thear parts gnlhen* in thin salt and acettmu- 
taterfc it in the lake-hollow* which receive t he drainage of the armdl 
ft is ra Imitate*! by theft* authors after a series of ex- 
|HsriTiinnt^j flint WITH a l3tU*00 tuns of saline ms f ter are aim n all v 
hotne by the winds in this mariner to Itfljpiitona during the hot 
weather months 

The Lenar Jake The Lunar take i* a deep miter-like hollow 
of hoain in the h-s- liF t platen n of the Deccan, in the district of 
Rubious. The depm^ion i* about 300 foet in depth and ubonl a 
taiic in diameter, it is surrounded <m nJi Hide* hy a riiu formiri 
of blocks of basalts. Tim depression contains at iho bottom n 
shallow take of aatiim water. The chid constituent of the salt 
water is radium nurlwiutr. truest her with a amidl qiumritv of 
sodium chloride. These salts am tltoqght to have Ikmju deriveL 
from the asirmmiding iraji oauntTY by the cFjiirmcsl »oiulion of 
the disintegrate prodnet* of the trupa and Hiitftwjqiiont conctmtra- 
tion. 

'J'he origin of 4 he Lorrnr take hutluw has tatm iiearibcd to a vol- 

1 Jtai-- TJJtJr vttl, -hiiviiu jh. J, IP&P, 
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eanie Htplurion miaetompanied by any lava eruption. Tbii is one 
of the fjito instance* rtf volcanic phenomena in Ifidin within recent 
times. On this view the Juke hollow is art ■ xplosion-crater or n 
mldvm, Another explanation haa l*wn given lately, 1 which ex¬ 
plains the holloa as duo to an engnlfinmt or graWde&eu produced 
by the linking of the snrfrco within n etroular fracture or fnic- 
tnros, into a cavern emptied by The eseafHf of luvn nr vulcanic 
vapours into the snrroiioding placet. 

COASTS 

The eooste nf India are cm upii natively regular jtfid uniform* 
there being but few creaks* liiIeEs. or promontories ul imy ningni- 
t min. it eh only on the Mnlulmr ruind tiun then rrn 1 H-tiufl » iiani- 
Jjer nf lakes, lagoons or hack writer'? whirls farm ■ uot-cworthv 
feature of that const, There hack-w riters, r.jj. Che Kajfab uf Tm 
vancor-e, are shallow lagoons or inlets of the *eu Tying pnralld To 
the coast-line. Thn y form an iiiiporimit physical as well m coo* 
nomic feature of the Malabar coast, affording fndlkios for inland 
wat^r-coininiiriit'ritinn. Tho silts brn tight by the i-oirarring mon¬ 
soon floods support- lurge forest.* ami plantation* nkrog tbntr 
shores. At acme. places, especially along the tidal estuaries, 
deltaic frtmta, mvaalt marshes tJw®siw the remarkable mangnive- 
swamps lining the nnasta. The whole ^-boanl is surrounded by 
a narrow submarine ledge or platform, the 11 plain of marine 
denudation J \ when- the- seta is very shallow, the sotmdtag* being 
much Joss than I GO fa thorn s. This shelf is of greater breadth on 
the Malabar coast and on the Arnkruj coast Than on the Coro¬ 
mandel mat. Hum these low shelving plains the sea-bed sud¬ 
denly deepens, both towards the Bay of Bengal and the Arabian 
Ke#, to a mean depth of i J OOG fiitlionia in the farmer and 3000 
fathoms in the latter ecu. The sens on' not of any great geological 
antiquity, both having originated in the earth-mo vemr-tits of ibe 
Crotaeeous or early Tertiary tinier aa bays or *nm of the Indian 
Oom o ve r spre ading foundered amis of a largo southern continent 
(UorirlwaiiEihifuih w hich, in tha McvsawlO lp§ connected I m ha with 
Africa and with Auvrmlm X-* will hr ^en Inter, both thrao sras 
bad long inlets or gulfs penetrating far to the north during the 
CrctmcnouB find Koccue—in tlui case of the former # 00 , to Asmara 
(ltd* As&tm gulf ran [tfifiriH with the Bttimo gulf nf the- some 
sen), jimf in 1 -he eare of the Arabian Seu u* north Punjab ami 
1 1* T.wrhm Re±. UJtJ. tuL ill. pi *1, 
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beyond u. StitiJj The euast line in frunt uf the ■ ieltiiH of tlit- f jitJaiK 
arid < hinges iw greatly changeable owing to t&B ooiitisi niruggta 
htitwife-o the Hi-u'riri I growth nf 1 liu ilisfra and rite fimsinn of ihr- 
Wmra* p the rurniatron >f Ugodtu. lrUe> and sand bars. Extend ve 
manjm>vt^W4*np* lire a feature of these oofud* The aoa^t of 
Sind forms part nf the plain nf mantle denudation, with the hoi 
ban I If n few fathoms deep. 

if ha# long \vw-n tin- InjJirf pf goqlogiet* thtu the rcr-arpixmnt of 
the Western Chats, pnrullrl with the Malabar ortetsf, has l>Ren 
formed by sMurpdu tilting, while Blanfotrl rooHdemi the Mekrars 
eoanf of Bulu ehi*t im t h> I m la Eg BI y aha per I by an K.-W- finiltn The 
*oqlJi en*T const of Arabia and the Somalitand ooasu cs far gqpth 
ilh Ziuiribar am likewise believe I l>e dniermirind by aearp (aialt$ 
Thuwhofa of the north border of the Arabian Soa h tlrns surrounded 
liyn mrim of steep fracturea believed to tie of Pliocene nr oven later 
age. 

The recent luscnrehfrH on the submarine tejKjgriiiihy of the 
Am bum Sea, conducted by the Murray Expedition of UKSiM, lurvr 
revealed some further interesting facts Those have shown t hat 
there lire JiUermif tent flqbntetged fidget, lO.OQb feet high, some 
dO miks from the Mekrrm coast and para Etc I with it. Two parallel 
nrlges, -rejianitfid by a deep rift valleys J JW0 fa I hums below the 
tuirfuce of the m?n (extension of the present vaikiy of the Indus?), 
starting from Karachi extend up to the Gulf of Oman, Tho ast* 
of these ridges are probably in toctnmu continuation with the 
Kirtlmr range of Sind rompr-wd nf Eocene and (Jligocone rocks. 
Colonel Sowell, the leader of i lia Murray Expedition, is of the 
opinion that there is a Tfunnrkuhte similari ty between the IOJK) 
gmphy of the Hour of the Arabian Sea and the region of the jm; 
Kift Valievs of But Africa, 

important treodoric data obtained by Colonel E. A. Ulejiriie sug 
gest that iho Laccadive archipelago* prolonged norlfnvnrdts by it 
chain of ahoels* is On a couUmiatbn of the a sea of the Aravalli 
mountains. The ishinifs of the seas art* continental hduntb. wiLh 
(be exception of the group of eonil idnudiy the Maid tm. mid the 
LditrcfttUvra* which an? tilolb or fiamcr-ivofs, reared on rdudlbw 
submarine him kg, the unjiibffiurged. elevated jiuiiit.H of She ancient, 
cun linen I, Barren T aland and Nurttmdani il re vokimiu island? 1 
east of the Andamans. 1 The low level and HffiAoUi contours of 

s lt_ B Sqyiuniti ttaitcjL tl*fj^iwe3n •■ml O'^noftraji.ltr 3!i.% haiJj it* IjidLun 
W41kt7, A* S^x. ml 11. pji. I-T, JtflG. 
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lln» rnii'i m! fliiimfrv which lira in front of ibn 8 S ■ ”'i*t Jwlfpw 1 h<- 
M :ikutnrti)i suggest tlml it. huhii submarine pluirt which Lt» ritn-rgvd 
from the waters m 11 wnpnntivcly lutn dnfo. IVfdnri tliin nso'lsl 
bd’lf arc tbegneissic Instil, mrlsnft I if minfilstu]—tlir< Kusii-m t *lirti ■> 
—winch urn marked by ii more varied relief and ruciTed Tnp»> 
crapin' - . Bvtwvon thes<* two lii^ t hf- <>ld ahfnwlirir 

Tin" Amkau coast of the Buy of Ornguh with It* nittncii'ti* 
drofiml vulli v? nn<l lioeji inlsl^ owes its [c a turfs in recent dr 
}irt"4sinii, The ntnniicpiw island* 'if this coiwl. an welt an* of the 
Malay archipelago and the Mast Indies an- regarded a- -nl.v lf»- 
inimihmcrged portion! cd n oiit COnt ijiiioua stmt eh of land tnun 
Akyab to Australia. 

The Mu In bar Confer, i* fronted by $ br^nvl continents! shelf which 
stretches in a straight Hue from i'ape i.’omoriit to Koran In ,it a 
depth of Icsh than UW fathoms. It suddenly ptagw to IUW 
fathoms to n deep submarine valley. wporattn* the shelf fro in the 
hnnnl ami irregular submarine ridge that drntctia* intcuUittfifitiy 
from tu initg iri to the -Laccadive, Mitiieoy ami Muldivr iHliinda. 
These islands am the unsiibRwgrit peaks of tlu« ridge whirh fi* 1 * 
tteoply fruin iIidior Iwttom. 

There am similarly TWO or three -arch atlhniurinr ranges parsIM 
to each other end with the Mckran eowt, which arc jimltahly iv 
Hiryvtmal contiiiurttioii with the Kirthar and uTImt Wml rant!**- 
The Murray Rtiga is the name given t.n fh< innrrim I ot thf**. 
The submergence of this part of Sind-BaJuehiwUn to iorai the 
north boundary of the Arabian Sea. ns of llw Malabar emus 1 along 
il» entire length to form the enal boundary. i nunm be id earlier 
ilate thnti Into Miocene Ithr age of the Kirthtu nmgv> or even 

UlioectiUp _ 

ft is well known that tin Mekhm 00*1 m-rU tin- line of a 

prominent tectonic fault and that the .. with ■ hill-ranges 

L the com burnt ion of the Kirtliur range -f Simi which.ft t-xi-Uwl 

to the mith ilits sub™Jed beneath the Am.. Sea. ihis sal- 

merged claim nf interrupted ndg^-, separated froin the Mukrau 

coutfllidf bv m . .. rix>t-dccp*ftnoT» v2ilJry**inJ W imlee 

distant bum it. ra map|»«i by t he John Murray Btpcditkm which 
£flfvt*yijd th*? Arabian Ijutlnm rn I 

Qu the wwt (Commnodal) mast, tbr .ml ph'di is lUtush 

narrower. I« however certain tliat the uf iVyhm l> a 

part of the Mailnm muinlantl, sevemd only aiib-B- ccnt iouch, 
and separated by a submerged platform which is bitviy ft fathunw 
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<ir'(,|h. 11J|■ IttilrelVylnji 'trail Hit’ VHMtldi ■ fltilfp|nimc- 111 

jMjfi- tiinu i'<(In.»iiis. Thin t-uiint ■ >{ fmliit h.i" lm-n tnmilcd |>v tjir- 
liCiuu <uiil -iv.iirj troiii tlio ■) um--nif in iiiid-PJJiityjiK tjmfi but 
tlif. broad outline nf tin uuuH were determined in the CrHaceotia. 

J in' cnashd du ff broadens emuidcrwhly mill *hnllowH to the«mth 
of the Ganges delta, boeattne of the hi-avv uiluvinl rfopewit# fifths 
UftngBK nriil Itf;Jihl-HJml( jl, 

VOLCANOES 

Barren Island yolcano—There art no living or active vohMnot* 
anywhere in t hr- Indian region. The Malay branch of the line of 
liring volcanoes—the NuikIa chain—if prolorun-il to Hu.- north, 
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would ouniujRt a few dtinnaflt or extinct volcanoes lwd nwfrw totliis 
reyioii, Of thrae t lie most import at it is the now dormant volcano 
"1 litim-fi Inland in tire Huy of Bengal, hi the emu ,,f tire 

Andaman Wftmfo. is' I.V X. I»t. ®r &VE. long. UW » UO w 
of it tn a nut re truncated remnant of & anon much larger cane— 
it< ImuoI fjtrrck or coldm-u. It. consbt* nf an outer amphitheatre 
about 2 mfe brenchr»i«tono or twopltwa,,thoremaiiis 

of thr old cone, smroimdfngan inn err, much smaller, but symmetrical 

cunr, compieivil of regularly hodden] Inr.i-stmets of compare lively 
reccnl eruption. At t))" summit of (2ii> newer cone [a a crater, 
Iilrtint IflOO frt!l Iilhivc till? level of the m But tie part of tire 
volcano aline the waters is quite mi msigniilcanl part of it* 
U'lioli* volume. Thu bane of the cone lit* some tlir)tn-nnd» of feet 

Iwluw the surfiier of t he m 
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The ] r-EH t lime ii woa observed to be in eruption wjv mrly in the 
iimptwfitb century: innce tirnii it- lum \mm dormant, hut utibll- 
nmiiniiB of dulpbur on tin* wall* of tin? orator point, l-j it mill) sulfit- 
hme phofrr ink* which tbe virfrauio Km dt'idiiicrl. F B. Mullet, 
of the GcoToglftd tfurvey of India, liw* ilium h pornpfor^ account 
of Barren l&lami in Metrunr, vol. pt. 4 

Narcomkun. Pop* Another % 'N ano,along th« *ntt» lined* thni 

of the island of Narootodam* a uraterlw volcano . .i|K»*cd wholly 

of andesitic lava** From the nmnunt of dt-nuda t iuu that tbe cone 
hrtn tiurfi'fguiiu it appear# to \m :in old itumi'i vokaiLo. Tim third 
example ia the volcano of Pop*, * lli^ oentmlly situated corn? 
oompoded of trachyte*, tuihia, anil vutiamle breed*, nifciudcd about 
fifty mi If* ciarth+enupt nf the oil-field id ^ rMiungyiimg, Thi* iti 
iU.so extinct now, tiny com 1 b tuaah nwitlwrod. and the ttm^ria 
only preserved iti part. Fnoni the fart that *omy volcanic tncMcr 
ts found intemtrMtiifocI in the nmrooiiitrtiiiK strut* Udunging to the 
Ermw-ndriy grmjp, it MWim that rlu* ■ nbaum mu*! h*w been in 
on active condition on far back m* Ho Flimojr. 

Koh-i-SulUm—Uue coon? vdnm^ within tJir iudluu region 
but Far on it* wv: torn birdi j- f tn t in* lug* mtfnel volcano nf Kob- 
i^ttlinri in tins Niufcki dwm of m^trni Balueldulan- 

Tliwr Jiro ^ unverillrsl fiords of a number of living mid dormant 
volcumai hi Central Tibet and in tlic Knenhufi muff* of mnHatat™ to 
itti iHiribh Mono of tlisep, liowiifw* huvr- N?pii ptnvi*! to In* 
recently, although report* about ifa> nraptinn of winu* --MW having 
h*m witnessed by Titalmt traveller* from « dafebe have \mm current > 

Among the volcanic pJustotWJfia of recent ago mwt also l>o in^ 
cl lid i *J the *TOt#rifOTm Into of Lnnai described in u preceding 
^tuition. Whatever nmy tw its a**cl origin, H in vWmntely W 
i touted with volcanic nutunx Son&O numb tMfllil volcanic pheno* 

men* Tvitntwiwl in India mny bo mWfckmoA d) An mraa«t 

^ uli'iuaii 1 iTiiptloit in iTWlnff tke Pondirhony coast which threw Op 
large rolumr^ of unite* and pumuro siij'.I litiilc up, ui t lie on 
hIhihI two tolloe Inng while the cniptioii fu^ted. This Mm& wis 
»oon nnluLKMi and onuled hy the « j ii witves. {ii) I ho twtrly wn!e 
dutribtitiitfi of fmginriit-: and pnbldofl of pumice on the oCWfs of 


1 CaiiLwIm Blair liut tlwfll^l rtfl "rujmJMi of l^rnm bknd ir- I 
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i tylcjii (uuLnldy thco^t const}—-ait j*Lmd totally devoid of land 
raJojuiio eruptive r ovk $—may hu duo io ufircccrdnd recant 
fliib-JtewDt erupt im uodar rouatnl waters, FWinrmen Ini ve 
rejkirb^d the o^ummoo o£ a hand of putnirc miming for ^ooir 
tnilta pnnifkd with t bo umuflt north Of Triuooma 

Hud-Volcanoes 

Distribution of Mud-VolcaiioOs^ We munt h&ftt cuiiHider a curious 
pbonorucnon—ii but was daw mgvnkd hh a dewuitmt phcuas of vrd- 
Wttic m-tiojj, but which hit? no cutiOfictkm whatever with vulcaDi- 
eily. 1 Im the Irmwmldy vall&y and Arakin ccwtet uf Uiimui nml 
i hi' &Eabmn coast of Didudnstaii. there occur group* of-midl aud, 
mi>rr rarely, large cuur? of dried mud; frum email hufo* 
£" cmteca n J at tho top thin? am di-schargcd hydrocarbon gn^ 
(prmt ipaJJy uiiireli-gfMh mu till}’ mlim 1 w ulcr, ami often traces uf 
potrofuimi Iht-yj- i 1 uni La I mornirUp known a* n nut-volcanoes* 
occur iu gmafe number? in tJu 1 lianiri und i^ifdiiba island* on tho 
Acakau cojuit, the majority Imng about twenty to thirty fret high 
iih.fioygh some jrt- inuidt hSgJujr. Jfwir Mtnhu in Bunin? tho qones 
rcradi fl-Lu !i t forty Fe w I., but hi the dry diuiaU 1 of J^iltiuhisrim Aomo 
uni nearly 30u feet fiigh, Tim great juajorily of tmirl vnlcmn,^ 
tu&ou jiued with 3i very grntk fto* of muddy water, hut in 
extejfthmal tint mud-vdonnouft ure nubjtet to oncasirmu! 

outburst* of great tiolunur, fragment* nf fhi< country mok lx*iug 
timmu uni with force; tin* friction tuny tsrai ho sufficient to 
igniu* iJu itccmi if hi tiring JiydrtwarlNiii gjuc*> 

Association with Petroleum—The gji^, which in tho prime dm«? 
of tht- mnrj-vnlijjui..fs, fiu the •oimt* origin as petmlemij, and not 
tinTv do tunny nf the rnml-volcanoes exude small iittnjxtities of 
petroled iu, but n Imj-b number are in dost- proximity to til nail 
<_4Jhi-tf|n or to noQftagKa of petroleum. Most of the mwl-vobnnoee 
jire near the ere,-is of imtittliiuil folds «r on linen of faulting. In 
tin; Veiumgyettag nillit-lil«(Bnmm there have W-n olnierved veins 
of dried tnttd [x: net rating Hit Miowra; atrofji; then; vciiui mjire$eiit> 
thodinmiebsupplying mini i<i mtiU-Volntnoeq that hove Joiijrsince 
limpjwiired. The mini if derived from the (Ibiiite^rntiot) of 
sliali'f ■'! I r-rfhiry uge lyiny lieneath tin; h urffttv in nEi»,f iLssor jatum 
will i the gas -J«pji ring aim In, When; the shale hs easily diaitite- 
gniterl, the flow uf water smalt, and the dim ill* dry. i he mound 

‘ J.l nrilrft Unmi, ttrr OW,/. v»l,*xwU. |« a, IWU. Sjif R. If, I'umn-.. 
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of ilritd mud will form *\ very eouMpjmioun few tun* i win *m tlir- wuicr 
hiingz up lit 1-lf? mini, there may l m nothing but a i*ml of dirty 
water kept in murtant agitation by bubble* of itHJi. There are 

tuaiiy of i fiU type in Jiiid in no cium< i* * puraianem 

iiinlO formed; in farmer days* the hnm- wn* jui tijspniunt Iwd 
^Piiree of salt. 

M ud ■ v <t \fin 11 w fc - a re iw n s 8 noil a e <33 ti i pan Inumt * r>f pi? Unhin i i 
orourreniN^ in other ]mr!* uf iln world, tKfHiismlJy in kiiutfhi mad 
tho Dutch End Indies. 


EARTHQUAKES 

The cirth^jiukc zone of India—Fow oarthqwik^ Intve visited 
ike PenirLHlili dm;r libmrie limit*; but tho*' tluil have dialmn Lho 
eit r-i' IV* ei in aula ti i rm a Inng ealdogue. 1 It is w ■'ll-sutLe tit t * h G 
genmttadlon (hat the majority tii" the Indian earthquakes have 
■origin Li Ceil from f.lie great plain* of India, or from their j*ripboru] 
tracts 

Of the gttalE J i id urn edit hip ink iwuidud in history l ho I*wt- 

known ami Delhi, 17^0; Caimitta 1737, Ea*1*m Bengal atirl tlir 
Arakim court. 17fi2- f Wb l*i&i Kashmir, tsid-5 Bengal. IfcWi; 
Amiuit IfHff Kaitgm, I mV tfarth Bttwr, 19S4 ; BnlUfibbtan* 
IHSfi: Mobwi* mr* i and >LE. A™ra l» AH of the*, in Uw 
site* of thhfr origin*. *grw with the Bhove Klatcment- 
The area mded above* b the mine i>f wwkiit^audatrainiiiipliinl 
by the severe crumpling of the radt-bedi in the dotation of the 
Hmud^yauirillim very nwnl t Lines, which has, Lhtfirfotv, not yet 
attained itibiHly or (juiisHttnce. dun aoooniing U> amne 

iiuthuHtita a Itrli of i thdffiwd ¥ its rodka Iioee^ IS per cent, 

lighter than normal md». It Jatt» within tin* gmat earthquake 
belt wkirh trafena-^ the earth Irani east tu w**vL r 

Th< A*#m Eatthipuslr—Ow the iStti -iune. V&W rin-rv oeomml 
A.-njui], hi-nihlcd by u ranruf eiimirdiimry Ininlm^ mi* of ihr uu)*t 
diH^atmiis fsirehqiiake* of the world oft rn’Ofd ( lie* dwturfie 1 ! -^4^ 
txmndod by tin? b#>Bd»in*J ««f V *>r V3 belii^ F no k-** th*m L.LHXMhh) *i|. 

ni|l&8. Sbiflon^, nii 1. 1 fn iBrnomdlnj ^muntry uf iJUiiMJO jq. miIm, wji 
In Ed wixtu in U -I thim oo» naloote, dl wmimuttipaUijtui wens Wtr^^d 
1 1,-jL Jr |j»t» rifldkd willi raii^ and iluudixl Wld tint lUll wk* «we scaned 
by kuhjdtp* Hie ^■•lenu^ n>otion wa* « cnmplw^i icmIlU 

1 i'i r\ movement cif 1 he aTniiml k*i vi-rtn >1 ' ^i^.nciri r.s ului k i-mi-i 
luive l.perii high, 3"r on tha- n^itD of Mid Jus ig ui-rc hi Ihi 

1 OMhlMn* «r Inttkiui f E ftrlJH |MiilM»* -V««- GMJ* vul. XlK. pt. 3 ^ 
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Aif Hfc like [w’iu uu a drum TJu* maximum uiupliimh nf JiiK-imciud 
vibmEkUi Wftfi mud: ua 7 iui'hiui, the period Imiug uue tigcuiuj. 
Wide* gaping t«orth-ifipnjr« upm&i out in ail diftititicoiB in i ho 1J n ^inJ 
plains, from which inmnnorablc' jeta of water non x-truJ, like 

lV>u nf 4 iTh wpipytiti^ up to ;s or * foot in I ho air, Beck of rivrrs, tmika 
and ovttn ut lh wtc mined up, or fflFtsd, by thr ompttutfnjj #ftiid| thwa 
groaUy dlaturbin g the drainage sywtfni of tiu land Mini cau&tng extensive 
Hood ior, J ) eer u wide a rm uum iiuliiig tbo fpii'in Lrv, t bo mono 1 aim pro- 
dpftatod frnidahjra of minsitftl dmicrmon^ whith further idtttimEtfJ the 
draiangfr, 

Th-n main idiork wo* ►itreeaedid by bimdrafa of after ^lioekw during 
llie Bnsl iulhjJ.1l, frit all nvcf the idiakim urea, Thr^so shocks 
tu a large ntunW of drifting foci over tli* mu in epirantral 

IniL/l. j i l jl BtfuJ umiiuor, L-orudii districts rr^Utering far more ohnek* 
than others. 

Of gr^ivt sjgnificniiw.i nootogir-ujly w the concomitant stryottnnl 
otuingesproNlqeecI on the *urfnceof tin? i^rnuiKi such asfuult-HmtrpH und 
frwturw t loral tthAngr# <jf bveJ. no^pressfoit of ftje;jrrninel p Find sb^ht 

fttmUlgC^ hi the heigh I* pf lijTh* mtmt important Ihoit-si-arp run 
IwiTEiIkiJ with llic Chklrang rjv* r fiir 12 inilra, with a throw 

™ytaf? bum I to 3G fiwt p producing a tuimbr-r nf Wfutar-JaU* mid a* 
many m thirty lukea in the emir*~ of the rjvm- 

H IX Otclhum, tins initbof (if u valuable memoir on Oik rariljqurtk*, 
jukrt stated That fie complex phenomena of this tjuake and tho occur- 
<*f mimy maxima of intensity are uu^mtiktont with ft simple of 
shift le fftulE-iJjnimAticiii. He htiUetts that then- were ahiiictoiia foci, or 
i etsLn a ordJsttirb«ifSi. p situuLsd over a triefc L^* miles tong and m mife* 
wide The ofigjmi! iljxrifptlaii ot&rtfug in * thrust fault imtfaUtl 
nunn-rrcmfl aympqnijel ii mIkh^b alt mg Innuidif^ulta. The Jiflyr-dimik.- 
wrre ckmly uonmctfd with the. snW^in-nL mov.-j.it nto nf the« faults 
and rvctJ in sotne degffui to toeatfi them, 

Oldloim 1 ije.s computed th"- velocity of ttir eanio m ftlmiit 2 
idle* fjer Ht^nvul ami ifit- depth u.f odgfn of tho mom nhutk nt unify 
5 mile* or ri-en L+ ] 

Tf>t Jianffnt fatihptab The ftirtli.pmir, { tM k plmn- vu tin* caritf 
nwnnlDg *.f tim It It Vprd. IS«A, Tljr wbodk, whidi M f,.|t otret the 
ii'hnTo rvj Irnll.i finrih tin Jujiti -tlk-y, wni? rhurri[’tori^ixi }iv r . 1 \c.’p- 
( tt.mil rlolriir« .mil iJ.-wtrm'iiv u|i W n, f . tint-ar Mw<«d 

Knrjym uml KuJr/. ruuJ L•!«-«•» MiiuwM.fip inrf I Miff. film. These 
H'Cre tin i jiifrynJ ttlirlt. TIk i|rhtri|uti>ni ifi.'w h u uml in ^ i rritp 
ius the HislAilet* ff.iiit!ticm iiiri.Mi.HL hut 1!.f ureii IliM whi* ^K , i , *H'ptililv 
‘.hoken, and wlm h i« i>mnm|Mi«rrJ b>- tin. of luttnwLtr II. ufth« 

Biwi-hiirl *.nFr-, ijii’lorli-rl MHili .JiMtunt ]«hn.i-» no .\fiifmni«tniL Vjiii'tlJi. 

T R. P. (UiNiJbJiL. Mamuti*^ l.'-Vf. w.4, J *tiiy. 
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SjwI, UuJjinU, tin Tepti valley, Pori wl tiio ^■ihuik Thu e^n im 

OUT I III’ i ■ rr; | i»| k ll l !■ i irijLPJ | nil I I rl I n rj4&ij m t i ll' I * li*U % \\* ‘1 i li III .11.. II if 11 vjH Sliding 
to tin twu Linear mid Mu^wic-Elrjini lhin 1 

or n % pfci»fJH whiL-h ¥iw directly ftbov-n nml m wluclri tin? vibniiionji \iwt » 
liiruy ywiiofll ntmpu^nf, The i u nutria of intwfifii.Vd 

Iji'iir r- el lipoid u I 

Tto velvety iif tin- ipiHki- wuedjflktjJt to judjee, Lohsum Uip flJUptinoq 

flf miy tu'e imitt time ^records a 11 Jm dllEnMi t im tlylu# jj 1 1 uxt*. Hut from 
i.i imitif wiF of olitw^rkAtkiil^ t]ie lUcnti velocity uf ! lie earth-wftve \a 
deduced to be nearly HJ2 inilirs por woikL 

MiddlniiiHH tloee pOl ffajjpcet rJut Tiew thnl rarLh'imikr# of grtoil 
■pTuritjf firifririPte imvr ihe to ^ rf'itiplt-v nrlwflrk of fiutlM ftiid 

fnititun-h. \iv eHS-ril*^ to the Jire^nl- vnr L 3 j i|HpiL«. jl deep ^U-d vvs;m. 

Anil rah'dintiw,. fmiii JXittuttV fbvmlii i'-r t|.i-iJurLiuj ilii? iliiptli offoni*. 

* drplh vary tag frum 2J io 41) mile*. 

The nuJu Hhock m& tfuthlon, wiUi imly ft few piHinnitDrY warnings, 

but the after*thitfJtf, of iiiudemU- to rftghi niTnwty. whiab tf 

for wocks anil muilflitf, iv^n wiml blind ml llJ mtiub^r. Dining di¬ 
vide of IiHH) the niiiLit>< r of ulWr-ril tonka front to thirty * 
imiulJi. In JfifiT they drxTmm*l in mirnUar. but lAuotl? M tatarouty? 
In Lhii y I’jAf■■ tlw LiLimlier of >Ikk'J.« *rew tow till they 

gnutin% diMppenrcil. 

The $Gdoqital tffttto of I be cflj'tJhijiuJttf were not very tnuriM Jhi-re 
wwo the am*] dlstorfiiMiew of «tre*m& h Fpring*. aiuJ njimdjr, a riouImt 
of liindftJip# niid ledt'klb tnok plftcr, also ii few flight iJtofiflSW in tins 
Iprel tf iw stntiottB «nd hill Up* DtlM mud thn SiWftlik 

IiiILh showed tk mr uf nlioui u to-t n^tivfily to MuiW«w). Kft imu 
offlirtU iitioiu ucm% iiowmur, .K-n. Jn if"- ^I>ofi- rraprni* 
wthi|iMiho offers a MirW contfHt tn ih- As^suw *\Qukt r>l USS7, win ^ 
the gfologtoftl reSiilt^ vfflv nf a rn^r^ ^r-riouK -Ir^ripthjft fiful WW 1 H ' h ‘ 


mu m'iiE. in tlicir ofFinrt. 

With itgunl the w af tbeMrtlii|»d». there is no doubt I h tit it 
WW « kictanic tiunfe. MJdiUMfiin i* «f opl«ii«i lh»l H to ■ 

■lipplni; ..f rmr ,)f Uie walk m HiUtf- uf atrain^jf^ fruit jwrtllM U’Ou- 
" Muin BusmtlttiJ Ftmli " uf thv 'Utter Jllrn»]-y^ «f fxwnlt ■ T,lsl 
wIicip ILc r w<' i"[iii«rutr« lie tt*’ two wiy wrlNfrBoisd " ' <« 

pi»tiliVE» of ik voun*rr Tn 'urr k Inf >k •**« Ik 

HimalftyM, mm*pi*Jd*Ww»<I fnWhM(«ftlr ntmt*. 

•oaghtfrom t hi? romprr^imi »*y *° r(,nDMf,Jp " ^ fftuUl 

FAr fliAar iurfA^wrti*—Oto tlio nfl'lfflMt of WW. 

North Bibumn-l N«h* 1 woTOBhulrn by mi 0«lJiiiit*k'<fllitfh mfeiwltv. 
Within ihr«' iQrDDtn thr -*f M.-ivkr nvl wt r- 

ill min. :m <i towiw ^ fur aplUt u> K«ttn K mIii. p “ Li '« “t"' IteF* ,iin B 
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^-■n with drbt-iis of many publlii tiivl print’* building ftpujfcu* 

3(1 i’ijimJi LMh I Sil.Jlti.il l-F tiElnl -mil -.nriS 1 11* 1 1 J i l till him] ftil mi I 

and M JiiiT wvir ojiiiLk'tl front roiuKW pi>-itiri •. ui ihr gnmntf iifu-nad 
on r itfhrr wide of Mm iin ligefl. Ttn inttfi*iiy *rf the rnmu ftbork tu 
ypMuf. tliol lhr wording apjwMtu* k N nf th* fc ninjumv of thr iHismngraph* 
Mi 1 ;IT- Thrown onl of art inn, whilr thr- rimrlw vrara r^nnled at> arinint^ 
fcgkal at at ion* ha fir a wav ha PattadriHt, Lmln^r-ui and Tukvo. Thr 
mjta euvrlfijjal L\ t in' nf JnlomiHy JI roughly 

wfj. iniltifL TJji'limJin pii:« nPni, wheat: Hu- iuIrnriiH mtt-lifd this dl'jjTFe 
of X, were three: 11 > MntiliAri-Miitfiiui^ni. (2) Katmandu and i$) 
Honphyr 11 rmh^oT the Ganges hrt^iiii wero rM-iilr^l by tissurey 

nod Mind ^'TUk- which fji rted lur^r vofrtmea of wntrr nntl =JinrL flood injg 
thn rultivai+wi nsiinlry -md killing f lat? ^iinditi? rm[» Til® hdnl 
of limit jus Jib 1 ?* ratirajiii’ri at mwv than liW"Ni 

TbuuttWrsoItin* on the ^mrii ^milgunLlhm and drain¬ 

age of Ihr country, uRf-rations uf lend, fasti f..aoiitjW, laitrlsbp^ cte.* were 
not ro marked us in the- Am rjuttkr of Jfl07 11 te p'ri^l and itmpb- 
iwdif *■( eihraiioRs mid til* 1 maximum ncwplrrafiou of ihr earth-wave 
wi-it- tikrwbr not *r* rrmArkahlr 

Eitimalfs of thu dopUi nf fbctifc nil Ihr hh-iohs. hitandard nut-bod* uf 
mkuhfinn vary lar*rrJ>hut eI i* pmluibh that thr liio^ rniiiliU respoti* 
H-ihli* fur Hni gbo4 Jnav luiro bi^n dJoim h* highly im'I fried fracture or 
fraetutm 

With sreptid to thtt conj-rt, there i* aoiOu agTtrmotil fh#tl thin c*rtb- 
qnakf- M ila not primarily ranged by ififipfoiwmonta \ikm% Thr Himalayan 
It.irnduiy Fanil'* or thtmrtfl. hni. that n mure pndwditv nuirce of do* 
turbans lay in Uir folded and fnirtuml tour: *if rfn- rrunt imiii -mo.nh 
tho nangrlte Hiifltir -n ir^^vnflinjiL drjin-aiun, Hr- bottom nf whirli 
rriEihi i om i iiably Lk oTider ^n>ei< strain. L 

/v-Tfm-Aui'.i h ((Jafr —'Hu^ H" dlrdIHTrf 4 fhrinqh mm- 

jwatr r^ly local in biddc-tm:-. bought urnmml tlesfrocTiua nf life *vnd 
limp-rty m Urn town of Qtictt* i*i ihr nkdit of 3Js^ Slay, im i In a 
frw moments thii large militfln -uUJcmi oonv-rrlrf into a vanl 
entumhim: 20 + (WP pfs>fi)r. Tie vpiccutml tract i* caluuLaird tu la: only 
a hoot tnJIw lorm and Id mili^ batnul, betwry-n QoutLa and ICaIjiL 
pim a_v frr.nii irJiich ilir intensity of ilatmigo rapidly docrra*<HJ. TJ>t iura 
ovrr whirh thr-fihnrk wn> frll, ^udrtsmi by l^iseE^Te of Intetiiily C^' and 
\ . \i hj- h P.iN^p Hl .| r riiifr wfairli,, nttfinidrring- thr oxtrnocilinary dttftrm?- 
ttmi t^umd at Hw cpi^ntrr, h mturmally fimaJL Fitim this fiwsi* n* 
nliso from Uie one lluit the in h 1 run I y of tilts C|lmke k ua jtnl-^3 Lry thr 
dktiibutioii uf ihr da mu^\ foil off rapidly from tip# rpsmUrr, H wiu 
ryjfiem that the finrtw of origin of IMi i^srHiquukn ixnM not Lw wry 
diTp-^ated, 

( itrr.mt, vgL kvlll, pi, J, Il^k r Jfr**, ra| H |»Sn. 
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Ksteik-Hrvr- im !v-iiHt!h took fjJac* from iti« limk^toiir ciffii around 

Quetta Jiliri the ground, wbi'j* uoinpwd uf diluvium or lixuM 1 mi3 r vtpw 
1 1 y ft jiutwork of tinmkn. Thflto watt* hftWOTtif no marked u|u 
hraviih on 1 hr stifles of the om^br p vi'bioh wort? unduly fftijnrttaiiil 
Ttin mrihqmike wiw of fhr teetcmif kind* though no countntdion ha* 
ttaex, r*tul.li*!e*I butwooti this (or til* (w kcvw porhmi quake of 
atkd e lif virftvu* fault* rJsal liav* Ikk*ii noled In Ud* melon <af 
^■vnre|y rumfiro-*vd and looped JokTiocea- Him lunrmLiutw of Hu 
Quetta rt^ioo funti ti deep fu-tiiii;r*uif. nngli? r their k*ottuiiP hjcgs boiiig hm 
il ufnro f&stnoood imraiul \i pivot rtwu QwKU. The strum m the nn:k 
foltla AHdin.il from tnirh n structure is probiddy n-ApniBlUr fnr the wHI 
knuun websmiv irmlfthlJlty u[ thii- pari of Baluihiatun J 


Mtkmn t m <*r i. r In Ximnub-T UUJi «uj iuutliqtiAkn id *omv inttiuaity. 
with \\a ifpiwutfw noar Hit* Mckruti i.'uii^i liH' iuifes north ■weet ef 

KumdLt, t< >ok plum tuswrapaniod by n violent ddn) iraw Aitd miptini** 

of nsuth TIlci earth qauko-wavr mw of such intensity i hmt it ^ ,ur rrv 
rtordatf in Atisfrutin rind tin 1 fterninpanyitlB thin I wave, wtkfch readied ** 
bright fif m ft at -onko Mriirun flirts, muml *ir*at diunau* all ‘d™iv 
the rant* Evrr ut Ftonilwy the tidal wmv*, i3j It hitfh. impl thr 
cofttft and wiubwi *i way a number of pouplfc* tflmptHitM from a 

*u I murin'* mud volunikl. fed to the ufjpWMnoc of .m island a few mlb * 
liffTiiu ttm*< Thijtejirthijimke uppw* to Tw «.t u-cttmfe imU\F- fr»m 
the large urou that waa*flk«M> holug opnitficM with Mflkrnri 

const fault nrfi?rr<xi to on j> 37, 


Swift-rati U„< nta,. J®U Auat(*t. 

:Wm wan tthukfn hy «n wrtKqtlafc^ ttf lituN mtvitalv '« 

««iihp •dK..-1-iuitSi llj» 1S0T ili^ant'-r Thi' htch "iilTrnn^ro^ht - 

Id lift uni] |iK)|M 9 ny T» I5.W0 mpfnre fiiiTm itmlntiiiiR Uj'; 
district* of fjaktilmfrur. SJ^gar umi Ktutiya t.m artvl ° 

encojnputiwd Ip^ wm&ft V IN. iteaiiy jojiJfX) aqiiiift mi 
The twthqnftko ^ ftmimpanM by all the uiitinl *urf^ effect 
Himli it" dbrbir^ing muntl Hint wulrr, lhr 

Airua Aiid elovatinn iither ime1> aitoriug t!ip^ drato*ge of t if ivnn tr> 

link cnu.-i.jjj uxteluivK fl.Hids, A f « dnj> i " 1, r ,!lr "' [)mk1 " 

mtTr uri™tiu.i«1 bv (J» bn^r,,,, ,.f <-f ... 

Tiifcos wwfwl by III in l‘l !<(<■« -m tli- . .j; SuWwi *»‘; J 

tmieanftbK Mompntn UmWil- 

thr north csf Awviia rSisriifitiuA* 111- Jb. 1"^'-t 

..nfirbMi -«"P' U»fwrnn.nth^ft.r 

Th« ^ioenlM- Mf the <M--nnmed by tW ■<■ l«B^ 

ui<.r.]i.nr- m Iil.Iljl kud *>iJi«' iimulru-«, ah*"! 1 JDO mUw « * 

t W l>. IV.-t, AVj.nit (/>,/. yc,l. i,.^ r f - L IM5- «.. a * J "*■ 

tttvii. i* \, t'JH-l. 
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*£Brntipn m JMmmUirmii'i country «m Uu* ndrilitvtni border of Assam. 
'*U_*rv daiuiHjy tu liTi \i\*i prejKTty mis imuK'i! hy mvr hood? thnn 
hy ikf' eafthqii&ke. I'Fj.iJsiir- irj l,li.p imijrj ElmiLirj^G lints' »jf isurth-iwwt 
Assam jndlidini? t-hiil or thi? Knili iiLiipiitrji Lav 6 been mportrtL 

Local Alterations of heml 

Elevation of the PeniiiEUlar tableland -I-Vh hypo gene rlintw- 
himoefi Jjiivo mterfewl wit li the *1ability of the Peminmht m a 
Jajidrmiss for tu\ irnRlicDfas length of geological time, 
but llim* hove heou a few minor mum merit* of secnhir upheaval 
milt depression [ilong thero&At* ^ithtN [uwt m well hh rmtnt fifties 
Of iJu-sni, I he must important tbit etiautoolcd with thr slight 
hm appreciable devatfiih of llw IVmmubi, expiring p>rtiOLie nf 
Ihf' jiliMji ol murine ilcabdatiou n* a ahdf of plwtfVirm mmirl it* 
coasts, the west uh WfiJJ jls t hi? twint. Raimi lynches ure found Jit 
iiltjtades varying from HH* to L,1D fret nt nnuiy plmm round the 
ol India; a uuiumitn ty pe of rawrd Ins mih ifl the Httarnl 
coaott*to p composed of mi aggfrtl. inhted of gtavel and mnd urtih 

*hdlLi ami et'nif while ijuirant" shelLs ate found Jit .-evetul 

p]iiL^ borne ilJ^tjui+rt- inland, jhhI at » height fur «]>ot£ the level 
af the tides. Etteep face of the Bahy&dfi ttiotmtnms, loo tin g 

like a line of HFm-eJilTH, ntnl thrir approximate parallelism to the 
coasf lead to ilie Ittfemhco thrit the Gsaorpmmt is u result of n 
eieTiiiioii of the OhiitJ* fn>m the mja and rfubsequent c**?a- 
Actlnii modified by ftubatTLcil derinduttom Marina mid eituarine 
di'piHU* ut -1 ei tiary Hge h it? met with Qlt ft Jorge ymlo towards 
I ho southern extremity of i lm llarim&la 1 . 

LOC^I Alteration!!— thf-v rvid^c«&ttf a rather pro m in ant 

ii[ilift o t the Penjjifiulii* thi-n- n.rv nJno proofs of min or T more local 
alterat ions bvel, bprh nr elerntirm ami dejire&Bioik within *ub- 

Jieren!. iLiirl firr hish rif time'. Tilt' LMistencc of liedg of Jtgiiite 
anil [Kilt in 1 hr Ganges delta, the peat deposits below the surface 
tiear l J r>ndieherry. mjbinen^d forest, difioovored oji tls^eaKtcm 
Lht the in la i ul <d v„ iHt% nrv proofs of slew morementit 

id drjirt'f^imj, of ripfiF^avnl are ftimialied by the os- 

- ui floral reefr aJorg the eoaats, low-level raiAOtl huachei 
*m varintin parts of the fihftte, and retrent z^nrino ftapiniulutioiis 
aIkiv,- this present fam\ of tie »ca + 

Submerged forest of Bombay h Alterations of level In Cutch— 
The wlnnerged ftwml of Bombay hi nrmdy 12 feet Mow low-water 

1 r; + U wifitirnl rn 1(| U Imiiwt ^ L / L 

VSl. ft r .M Hu 




rnYHCAi* n-:vrr he* 


pmnk nml o'* fret Mow high waiter, hciv ;i number nf Ur** stump* 
are &om wilh their ti»i«t.h in jijliv, onjbttkted b riio old soil. 1 t in 
the? Tinnevr-tli ™i£t n similar forest *u rmjunont tif the old land 
surface. half in nrrc m extent, is mtm slightly below higlMmmr 
mark- Further evidence to the ^ ; l n j r- effect i* applied hi r,he 
thick bod of lignite found at Pondicherry i !4U fret ImJow ground 
frvei r and the layer* nf vegetable cfrhris in the Gouge* della. 
About twenty mile* irem the moat of Mekmn the -ea ritvpera 
KoddenJy to a great he]km Thi* is thought to be due to the 
snlmicrgcnee of a cliff formerly lying en the enaaT. The tvortvf 
subsidence, m Is Mb of the western bonder of the konn of Hitch 
under On 1 sen aecompanlfid by the devatirm of a large tnrH of 
hind ft he Allah Bundh is the most striking event n( iu kind 
reoonded in India and wm witnessed by the whole of the local 
population, Hero nn extent mmistmg nf roughly 2niHt Hpum 
miles' in a rat win? suddenly depross^J to a depth of from 1- to !■“ 
fret, and the whole trail convened into an inJnm) n.-iu The fan 
of Sind me, which stood on the shores* tho scene of many a buttle 
recorded in history, wan Jif^p ^bmerged imd month 5 he water*, 
and only n single I nrrei of T h nt fort remained. U'T many yean, 
espied nbove fchu sen* A* an ftccompaiiinituni of tile nihic 
movcunente, another aim* n he tit +p!M p square mQnj wo* hiiuultritt- 
eonaty elevated several fret above the plain*, into .t mound which 
was approprimely designated by > in [xiapk- t hr- Allah Hum] B 
{but 1 1 of G i id |. The elevate*! tnm e of Ian d known ja i he \\ ml h uj m r 
jungle, near ftaore, is betbred to hum besrn tiplu^ved *-h much n-i 
itffl fret in quite reannfc times- This upheaval cnussl tho dHfr.!- 
fcion of the Brahmapiiim river eastward fadn Sylhel, awiy from 
the Gauges volley* Wince this cfauugo the Hrahmaputi* ban -su ji 
gradually changed its lied to the jmrt. 

Even Within historic times the Kiurn nflhrtolt wart i gulf of the 
sea. with flurrouiiding ooost towns, n few reCDfplilaljfr rclii^ of 
which yet exist. The gulf was gradually silted up* a pfttewA Kided 
io> doubt by [i .slow elevation of us Moor, and nvofiftnlK converted 
into a Inw Ivisg tract of land. which af the prretytl day i.% aller- 
nately jl tin- saliEie efrsort for o jsirl of the year, and a shallow 
an nmp for the other pftrG, 

P i'hts hrauehiTiiz or deep, mtrrow iuleta of tiie wn, ju the 

Alula man and Nicobar inianck in the Ibiy of Bengal, \fuint to a 

1 far. fi.S.h vol« kL frtn I- f &m M»ft T- b T in To.-rrii-*, ^ r2it 

ev i. iC3u 
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ptihniri iii^ctnif r Iti - i-ilunrliH tvhJm* ln\* m gtviJugirAl I inir- 1 - by which 
1 Ir- ii iulniM'l \j iftvnrt1i<il in f hidr Jimer piii i* ik*»| 
eiumplo nf rlmii'iiinl viilluyv mTitr <nk ihr Arakuh rim*!, irhicii. 
until si> nuin^ruith t^Uinrjtv* nnd illJt-r«- proceeding inland from n 
siilimnfiftr give-* ji^Kif of recent ^uhniergencc along the 

nhole stretch «f OOUtltry frail! Afcjflli to the Dutch Eftot Jmhrv 
In nanse of i|n- ore*’!*-. nf Kathiawar near Pinrbuilder, on the other 
ImOil, oystershelln wt-re (blind r&T -ov*-ml fibres mid at levels much 
aihoTr the present height of ilie tiffin, while haruiidt- nod wrputar 
wen- found of frjvdtt not now reaorlied by the high cm tides. In 
Sind m number of nyM^r brinks hove I men N^n ^vi-nl foci above 
high-water murk Uy*ler -hr-fb- dj*toveri-ii foUily a! <'.ilnitw. 
likewise point iu a *Ught IwnI rise of tlim extern moet. 

Himalayas yet in a state Of tension—It k the Mfof of 
geologists til mi appreciable change* of fovrj have reoontly taken 
pkloe, and are Mill taking placr, in the Himalaya^, and that 
although the mountains of the wnrltf they have not yet 

■itmined to their mattifmitu elevation hat are 6 till rifling- That 
nltefitf n4i& of !eve! Iiave lately taken place k clear from a number 
of drou mstmire? M a tit, nf the rivers h«-nr fmxmtrrm ctibfo [jnpnfc 
of ncenr rejuvenation* duo to the uplift, of r hi-Jr witkri-^hed. 
Another fact, suggesting the spurn inferenno, is the frequency and 
violence nf earthquakes in the Hiimitnyn* and in the rtnprossed 
tract lying at their foot. By far tho hugest number of diBaatitm* 
Indian earthquake* have occurred, a* already re marked, along 
those tracts. They indicate that the strata. under the Himalaya* 
a tv in n stmt* of tension, and an- not yet Bottled down t>« their 
equilibrium plane. Belief <* therefore sought by the subsidence 
of so ns r? tracts and tho deration of others, 

ISOSTASr 

India is pmicruhirly favourably dnmuistaneed for list* t,iLidy of 
gwviray (the acton ro of aurvuyjng and niommiirijr large arena «f ilie 
earth). Us triangular diupe provides, from ilm fin4 of the 
Him: davit* to Cape Comorin, ,i atrotah of I 7 «Mi miJea of Inn.I over 
one meridian,. Again the deformation of llm tjeoiti (the flhapwj or 
a-s it is called, the figure of ihc earth) hi India i* riucb that m no 
of her part nf the wo rid ba*< the direction of gravity hum found to 
undergo stioh atmoraml variation* ha have bom detected! by tbe 
^drvoy of India In Northern India and by (ho litiasmn ffurravaiffl 
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tiurth o( the PpimiTf, m Ferghana, According Ho llurrov*t|. mi hi) 
fit Iter country irt (bn Worfd d<>P- J rmrlaee ol liquid at hnf deviate 

nmdJ fmm the iirir^giifjil. |r tv.Judin tfakt ii wn* dis 

covered f-hal ■. delleumey mat r it irndeiiira tlif? vast j ■ 11 pi nit 

■ujpferfirbl' matter, the Hiumbyaft: that, im thr other hand. n 
dmin af dtfUK- matter rtt&s hidden In. thi south of the Isido- 
UangDlir plaints; and that seaward dcJirettuii* ol thi? perilluhim. 
rather tiiuri Inwards the- Ghats, prevail mural the TfcrftUi emut4, 
\ hoawdfcem i-Hr - J( >i t-i thr lomrubtian ul the Ihuory of mountain 
in about ffffil by 0 * 1 ?. Airy urni I he IEm\ d, If* 

Frntt, Ardidortrcti of Faleutta, a thrurv which was mils.seqiinnllv 

otaburali^H mirf hy V. E Dutton into Up ctodrfftfe Of 

fso’iJo.vf/. Thi* -i411]11(• hypothest*. winch Un< had si i^rtsut vague, 
pmticrtjUrly in Anierira. implies a rerTotu amount of bydroNtjitlc 
hniunrTfi between the different segment* of tlio earthV enwt. and 
cm adjustment \rntmm thr mtfam topographic rebri uml the 
arrangement of density m the sub cm* t. smi that abort; visdi region 
■if I^h density Ha sp- hull he n Imliy. while »^'r i ravin of -n-.itiT 
density there wiN hi- a hollow the ftu-mcr will he the untdinentH 
plateau* and mountain*, the latter the nc^an-basin*. The osiw*- 
of material over the portions of the earth above soa-Jcvd mil flitre- 
he coin {tenanted tor hy ii defect of rlnuity in thi" underlying 
material, the ContineqM imd nunmttsiNN being floated hermit they 
sire comjHj#ed of relative] y li^rbt m a t en i d Similarly t he Hi^nr of 
lhe ofixLii will be rJepressnd btMvsn^i 1 i< sa composed of niusually 
dense rooky *tibstmtimi If an oxtra loud onpuwl *\n any purl 
of the surface, e.p. iethrfieets during is g facial epotfh, it mn^ sink 
under it, while regions oxptmed to prolonged denudation must n>* 
uzitU equilibrium k eetahliobscL 1 T» depth ut vrhwh ifiostotie 
rttmpQfuwtion. fa HOp[Vii§ed to- Ih* ro/nplete its found, m the I'nited 
States of America, according to th? rrdeuimion by llayf .nJ >\,nd 
Huwio of the U.y. GenrJeiie Snrvev, to lw nbont " M mtk* (* 13-7 
km.}. In hid In ie is cJlifici ill t to nrtivt* at any snob definite ticjim". 
for iatrirfcjEic eoirditiDiia tntist evidently In- different m the JVniii 
sub. a region of high po!pgit?al antiquity, From them of tb? e*tnv 
PhiuiiHidiir mountain rrngicm, which ha* undergone very recent 
Otugrapliie movements of tlto crust. In I Is** former area inuiatatio 
balance uiUHt bo more pcrfoci tiian in the Hiimslayru anil in the 
gnfeti pinirun of the north. 

I'intab-linr and la ndulum otwri ations at I Wira Ihm have 
ihowu that the '* Lopogmphio doflecrtiofi \ i f that due tn the 
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vbubh- inr*-- mS i, ti>- 1 [i]ii u. LiVio- in this impLli, , hut 

the true nln-^rvetl dotUfctbii i* only 31 Foi .Ylimii- Lke figufot 
an,- 1 ."i J «nd 1J" nhipi^i ivyly, ivltifo fill IyoHaiiii, Mivtr .Mmut p 
which b only 50 mil^v fiwn t foal of iho Hirnttlsyu^p the ob- 
harvcrtJ dotkotirm ■* only V, whvtnim it * nght Ut In* &$*■ Ttaiw 
observation* prow fclmt fin* Himnhiyas nm lurgdy wropetiaatt*!, 
though iint FuUv: for the diAhnuirai I^eh wi the ohsei™) defioo- 
tian# and the tkennaticiiJ, ev«u mtrft-r the e^iimptkm of kush'iiv 
cijfN [HTi^atiuo, wt*' l-oo great. The outer -mil middle llmuijiiyiirt 
are found to be iimJer while the ixriifral range* 

appem r t«i ho over iimicd. 

(in Djii lmki-GAngetK- plains the deffcotioii* Are mvsmaWv in 
tho vonth And not townitfe the Himalaya*. Thi* mmthfsfJy de- 
flection inereitBi^ n> far as I at. i3 tf X,, to the *outh of ivhit-h the 
pi mu Inline deflect* to the moth. These dlicnijmot data tut ve Inuen 
explained by Bnrmrii hy assuming that there exiuta underneath 
[he jil nni- j i chain of den#e rock, from Ori^n horth*w«stYftrvb 
through .laluitpnT into Kid&t — an Assumption which is borne **uz 
hy gravity xuciunrniRiefif* of recent ye i its. 

Alihuii^li luiHiumrcTmintfl id gravity wul itertatkiu* off lie icrrth^ a* 

carried out by )J^0O(xlelJc>Riirv«y of I in I in during ihsr last few ikoiidtsi, 
hrvjuLiy confirm the inniu pusu uhtle* of tlio theory of iaost&sy, this theory 
is found to b#t iuadt'tfUiUc in cxphiiidrLg the largo AnoinnLk^ of griiv ity 
which exist U\ India, even Ivhon there nro no h urine* fe&iums pretatiui to 
account for the m. For the main relief ferUiires of lqdin, idttiiHigb u 
mtTuhi ditgree of oompou^atirm docs exist, Havre am seriuit* unofimlfas 
between ihe tin or 'find and ivb^ervrd vniti-- of thf dilution urn I fnrw 
of .gravity, ** lj.i-.li frJimin to U- a- ■-■■.. nubd W, Vnt m*tuh*v. thi gnurj* 
tnutrlc $umji hava definitely proved Mu* <*f exerts of tbnaity and of 
dfifhcbi of fliiiisity in Norl.lt Tsidia whhili are nat iwpr#wn lcd hy any 
surface dtaptj wr lid^hts 

1 1 is thrsa data and thwr interpretation to r^mbtish fl BatiefArtofy 
i-oTTelatiim with surface geology that hovti drawn attentmn to thr- in^ 
•iulfimiry of thv in* fKirttii' U ivory an pr^ununml by Huyfurd. Thv 
^fAviuujiHc fliirray* h&v* now dnlhitnly proud a d@q>sa*t*d bdt «f 
rtw of daiMf imderneftth the plains—the Ilitidm Mange of BurrcvnJ 
cxtrJiduig laorULrwrst tmtl sou Lh-east of .fuk ml pm front Karimhl to 
Tu tile north and south of ibis ure belta of depots of donaity* 
'ffus imegnhLr vanaUon of density is inconsistent with iemftajyv* whldl 
pnstubtes that rmdrrJymg rtn ^ nr dcfei tr of grarily nmst bo m- 
fleeted fn niirface iiiw|i& or hi'iglit^. Thf gravity moaitmwH'it work 
i-Airi-w I out hy tins SbItot,' of trait a liordig thr lint F r.w ywtr*, freans * 
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number of ftAtiQiii! graftem! nvor Imlin, laws mnbbd l.bcun to 
explain provJuFnnrdEy this minnrmiai gravity anratiulir^ by mwuminjg >* 
^rii* a of upward Imfgra c«r downward whtim itt trough* In tin* -tttwmttt 
which itmg l ^ 1 token to to 10 to 20 mllm Wow the 
T hfr" • i utt.i I warpsi nltivsitr or dtr|>mt*sSB t h u tfouvor, jnoro h$Mc hiypra m 
the euh-iTiirft, Uiv Xi#™, which underlie the ii^hn-r mnro arid ir r ■ka 
of the flurfiuH: crust—.S t/?/— uWvij nr hcW iherr pypilihrintti pUtiv. 
Hid ihrrorv if *tfH lia * ategs of diacii^iiipi hoi it pftmii—a la explain 
tht 1 ronirliiu] nnuiiialli-* in tilt- fonr i*F gravity that nr" u> romiiK-iilv 
uh-imcd in India. 

Jt iv|.i| ip *o rx Iknl India «« n whole lit an wF*<n of (idwtiv* drttfity 
Gravity In lodlii i* in eiorinif. by nn amount of iiMlcmi! th.it is nn&Fiirr*] 
approximately by n 0tr.1t.i3m1 of fork rum f- T-r «n thirim^, tfprmd m i-r 
\m lUi’ft Cif t vrn mi then flfpiaro toil*- 1 
Am 4 n-Hirli of gravJmetor nnm-yJi mode in I lie nmm*o of i&nwpreilnij 
for nil, 1 hr distribution of gravity mimindlt^ l* known hi ttmlo ilrLnll 
over Mg0 \viri.* of txrtJL’f'flrteni ludin and iinrm*x P and i|ie cvtiimn' 
Iijlh been unwind by F. Evnnn md W I'raaiqitop A Ibui of irnixuniim 
jjfiivity !i*n b£«n traced from the extreme nnfth of flnnon HCrtithw*mli< 
in mntinurr by mry n| XnmJtidjiijt and Hiutcii Inlnml in n dmil.tr loir- 
in Snmiitra tmd .hiva , a gravity niimmiUEL llw iiTidrr the Arakuft Yuma 
and GMitirti* with <1 tine fttimin^ Uirtuiplt Hlc Anilunam to biLimEd off 
tin? BOuth*w®st eou»‘i of Si mnLtm A 


DENOTATION 


Monsoonis Sitomations -Among fim ptijNh oJ Ic-attiro* of India, 
ji brief unties of itse various demirfsitJoimt procr#*isw in npomtion 
in l.lir country uS tho prOHriit time must hi- bobdod- huv^nnirh 
A . dittiLii.r sir an important detorminim; fm ^ir in the dcmtdnti-.fi 
of 11 jegfotii tii® peculiar featmw wiiieh th*' oKmnt® of India 
rcqiJirt 8 oomiidamtton. The rnonT imlqnn ff-rttnn? in the 
meteorology of India fcho monsoonic n 1 temAtii>|]« of tm* ntu\ dry 
stratber. The diriaioii of the year into n hnif. from May to 
October, I hr pnod of the mo&t, viijHmr-livlen irinds from the 
ttmth-west ffmm t he B^y of Bengal nml tho Ambion Sea) towAnb 
TilwL am! tl« heated tmein to thn north, find tho dry hnif, Tmtii 
November to April *h® perioiJ of til® ntrrnting dry wintU hJowlag 
from thcnortlL-e^t, has n prorwndernt 11135 inihmnco on the char- 


1 f-: a lifdvte AfflUTiJilir- ilfilt Stnir iti^ -I" Oipt KrtiiJi i 

jWrK ^ P«/./ p a^fi 7 f ItiMs K <* Cun^muh. Vtwytn nt «aml».v rn 
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okolouy m lxpia 

neter HFirl rnfee nf the fUihiuinnl Ton of the uirfaue uf lie 

country. 

IM rogolith- The intensity of ihe mihaiicr excrrisi-tj by 
thii doniliUit.ing factor in the almiK’ftmric ni retd nr ion of the Indian 
FPfjio'D will Iks roftjisfd when the rul^nt and 11tiekni^ of the [KvuliflF 
surface furruntfiniii, JtUrrih is iilfiritf 1 in a form nf 

rfumlitli highly peculiar India. and n?vm the whole expound, 
nf the PboIisuIa from the liangn* valley U\ <-'EtjKJ < \mmrin; it Is 
believed by must mi thnri tic* to have twulted from the auhwrtiJ 
eJtonthm of itn surfing ruel^ under rite dWmittdv dry and hunt id 
|c -, mimsomiiej wmthnof Ifkdlru Other ohamet eristic pfuduoi* 
nf vrvsftthefirng of the Nurture nHiks ra si/?i in the PcnEtitiiiht are th*- 
K«4 Soil of Mmitira Fin!I that capping the gnri^ie tracts nf the 
Deccan generally, and the Bluet ikn] (nssmrb 1 which cover* ah*> 
Iftfge tract* of country m tiuuth Eudin The Rri* efllom v^nces uf 
t he plains of Norlh Imhu inr| the fimuutimi of nitr*. \a *ume milv 
should also be noted m tlni? ciuriitLvtiflrt, 

General character of dauudatioo subtropical Desert-erosion 
in E^jputanjL- I f this factor U excluded,, the genrruf utniosjihrricr 
weathering ur dcQurffiTjon of India that churncrfuristic of tfie 
tropical or siib-iropECid wwm of tho earth P This, however, is u 
very general siaiemeut of t bo euse. Within the burden* of India 
every variety of riiimirq in mol with, from the torrid Hceii of the 
vjist in lam I plains uf ihe Punjab Hud Natth-ratfl Balqchiritnn and 
upland plateau* (ttke LadakhJ to the Arctic cold of the higher 
ranges of thr ilmuifay ^ and from liio recking tropical Furosls of 
l he coastal trjicta of the Peninsula to the desert region* of 8iml, 
Pnikj.ili am\ Bnjpiifann. Hock di&intepralifrn In the pre<lu run unit 
(jfoenw in the urn? area. rottfc dreomfumtion ijl tho other. 11 eu 
K tlidodt can cosily imagine I lie intensity of frosl.-action in the 
Himalayan highlands rind the oumprimLlvo luJliInosa uf the other 
AgenU of erosion in t bat umi. such ae rapid alternations of heat 
itirj cuLI dmmient action. etc,. and Lliju vtgnpou* i-humieaJ rtnil 
mechanical urwiou of the tropical ittouaM&^wcpL potta uf the 
Purttnsiila, the demiitivtiba nf some pur Eh uf which partake of the 
ehorJieleJr uf tliai prevailing in the cn|U4iurml bdt the earth. 
Jnrhudfc^i: J luj- 1 ut HujputAii. 1 , Sind and Brihielij^tiin, meehuui- 

naJ ilisdnU’gratloti dm to Uie previient drought with it* great 
extreme uf heat and euld P the pnwmfn! Insnlathm alhl wind- 
actiuii, in dominant, to the i^dit-Iim nf ullmv agenU uf uhufijp.-. 

4 JItp «nh^t wuh nf Loilm m iirnm^l in UiHparXXVl, p P 7". 
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Tli 11 jl l Ik-Jl tjm action of lilt fHMVfTfut milTiJiMBf wimlr Mini dunl- 
rftamia t! Eiicfi hlovi for aluHit two imiiiLfjii iprmrriirjg :iv -inunner 
must result in 1_hi> Lrufiaport of vii*l ^UunLltivs of fine dehilliri. lliu 
prolonged ui'cmuulatinn of which haa faces i lliu cam*. 1 of the wide* 
nprund Tofeij dupusil- of NAV\ India. The Irunspartifift putter of 
windat in the drier rc*gicn£ of Tndln la ezierffioue. Thousand* of 
torn* ofdu&t and fine mhA fin id silt are- Hurried by the tipper cufn’flte 
uf wind* for diH-larnrca of hundred* of mili> and dropped wj nw 
their velocity dmnfttim. Considerable itradon of the surface and 
of iho soibeaps raulu In tfiiv manner in ouiNl Punjab iuu.I Kiij- 
pittana trafit*. Bujpimuui affords * noteworthy example of the 
evolution of desert ropoprnphy within eoinp&rti lively recant 
gjsC&Qgititd times tt i dibit Ik excellent ilium nit inn-* of the- 

gootogteal action of winds in modifying rhc HUffEiccrderttureif of n 
country. (See SiixLCt-diJOCs. Hhut hinds, <stc,J This change hits 
bo»fl hmiighf hIhiiii by ihc gre *t dryness that baa overoorae ibis 
region since Pleim orani* times, fending to the intensity of n Indian 
action on its surface. 

Denudation by risers —The geological work of Indian rivers tmlU 
for a feu remarks. Some experfmmjts by KThreat prove that the 
f binge* conveys a initially to the Bay of Bengal ait a rana^rvalivu 
estimate. more thtm M8*flW f O0O tons of amid and day—an aver¬ 
age of fiver 000.000 tons of sib n day There are pome rivers nf 
India whose waters urn more rill--laden t han thorn <?1‘ rJn v ftangc* 
fur many days of the year. The solid mutter suspended in the 
Indue waters and djschnrgod Mow Hyderabad* in Sind, ss rough k 
efitimatedut 1.000.,000 cons dfidy. The Bmhutaptit ra vnrnvk down 
more ailt tbitfi the Indus: or Hnngey. To the meehimrrdly trim* 
ported debri* must he added the invisible am mm Mi nf chnmrnlh 
d iasol v od matter in the w liters of t he rivers. Exacs Tnm&nrrmturi s 
of these line not been made, but analyses nf amege wimfiba of 
river-water show Hint the amoiiata nf salts, $,g. sulphuie and 
carbonate of calcium, sili^i. and the salts nf Ra, Mg; Pe t c-tc., rr 
moved from this land to the ato in ho tulion by a river ftiioli ns tbp- 
Xjvrbudii nr the JJidtmi run into several millions of cubic feel per 
annum. Thorp are wide JluttfuulioTO in the saline nmlenls uf 
river ivatnra dmtutig diTTefcmt ohrk terrains, from less Hum -Vi 
to over 100 parts pr million. The hdinify of the Mahuiwdi 
river rtHing in the region of Archocnn ur_vntalEimr mrku, nr nr 
Qitthck* is fouuil to amount Lu pttrts in n nnffinn parts ot 
water. 
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Peculiarity of river-erosion in India Tim IuiImi. rivera nr emu 
ph*h mi nuri'Jihli' liiiuunl of mdinn during (tic wet hiilf oT 1.1m 
yenr. imuM|jiir(ifis; in t|it> -lmi «m i‘iioniim|:< lend of Miit. in -And led 
muddy atniauin, A aliuunt in flood Time Bi:rani{iliiili^ » liuiuiml 
(uiii’D iiu.' work it performs in the tturmal scouon*!. If the fame 
amouut oJt rainfall. tlimfoN, wew evenly distributed thniughtmt 
the year. Ub iii;miilntimi would he far httw til ftojouut, 

Their floods —The ihitniliiyiin 4t.Rsunji and Hvck are -jkciallv 
noleii for their floods of eximorclinnrv severity in the spring and 
inousoan auuxnia. Thia arisat from the ubstenoe in tire Indian 
rivers ofkikw whitttl oxcrciiw n res training inf lu mice on flip mini- 
violence and duration of river-flood*. Several of the tndna 
floods mu iioled in history, the most recent mid heit- mnembomi 
1m -"T (huso of 1S41 mid 1.858. Ihw 1 givea a graphic account of 
the I 8-1 i flood, when, Jiff .or a |M-riod of tirii^imlly low level of the 
water.', in the winter mid spring of ilia! ye.tr, I he river, a 11 of h 
ftndderj. dtsu.vndrd in a black mighty torrent that, in a few mi no tee 
ton- and swept nwiiy overything in its ooun®, including n wlwb 
Sith nriut that had encamped on it* him he below Attoek with 
it« tombaggage and artillery. Tim onus of this JlraxI 13 attri 
fnitiY] to * Lmdtdip in the narrow, gurgo-liko part of the rivor in 
t'tlgii. wlnoh blocked up ths water and converted the bnsin nf 
(he river above j( into 11 luko thirty -live uiiku long and some 
)iiOidn>Jii of foot in depth. The tnnlilim Ini rating nf the barrier 
by tlrn -•ofiKUntJy inommung pnwtiro of the water on it after the 
spruig tlniw la mtppwed to have caused the inundation. 

Many mountain chniiiirh art 1 known to have Imon dammed buck 
hy (bo prerijiii.il i«m of a whole hillside no kwh them. In 1883 in 
(litrliwnl, the Alubiiuiil.i, n tributary of the Ganges, was similar tv 
blocked by lhr (all .if a lirlL-irlv. ..mi iron converted into a lake at. 
Oohua. The lake h promt in ritoit and *teudily route in height for 
Meerut mouth*, idl the watt 1 - ultimately surmounted the-obstacle 
ari.i Canted « wvert flood hy the sudden draining of a large part 
of the lake,* A iiiiiil«r flood is rwonJrd of the Sutlej in Iklll 

Tilt, fltonlderofa in Haiti gavw way in the dnop gam of I ho river 

some twenty mifen north- 1^1 of Simla, damming up the river 
t..< a height of I HO feet, and producing the usual do vast., it mg 

flood when tlioobatRictian burat. 'I'ht< formation of a hike, son fe© 1 
dctj> and 15 to <*<> mite around, in the Shyok nver of ilnltbtan. 
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by the interposition of the snout of tJin fhcniK Kundun glacier 
«crt>s!» the vnllev. snrressivdy in the spring of the yearn lUiM. 
IU2T iinrl is n rt mii Imtinrc The bnntinjt of the glm'ict 

barrier miult) the Indus lit- At lurk. situated TIKI milw dnwntfitfliii 
from the Shyok dam. rise fn flood n| each oesweton. 

The liKMtjcd volume of wnlt’r, combiaftl with the high vnloeity 
of the rivers in ilood-timsi multiplies thoirsrnsiw and trt!»|><)rti)ig 
jKiwcr to .in innnnroivolile extent, and boulder' -inrl lilwb 
several foot in din meter, are rolled along their beds, and carried in 
l his manner to distances of fifty or oth h hundred in Ik"? from 
their sources, causing numb injury to the banka and wear and tear 
m the txjdtf of t he ebannek 


Late Changes in the .Drainage Systems of North India 

Munv and groat hat e linen the (Jiangeft in the chid drainage Hues 
of North India since Into Tertiary times 1 -change* in foot wtleJi 
have produced n complete re vernal uf the dkeotiniid of firm of the 
chief rivers of North India. I hr form nlion of the long thill belt 
of Siwulik doporite along the foot of the Himalaya* froiri Aswtni, 
tliruugli Kuniuoii and the Punjab to Sind, widening Htonlily in 
Us west ward oxtemuon. in now nsrrdwd to the ilmdplani rhspomte 
of a great nortb-u«it (lowing river lying south of and parallel 
with the Hi mala yan chain from Assam to the forth t*t north-»cd 
corner of the Punjab, and then flowing aouthviud* to meet rim 
gradually receding Miun’tir -SfU of Sind and Punjab. Ihin rivet 
hit!* been named, iho "Siffslik Kivw hy Pilgrim and the 1 ndn- 
bruhtti ,f by Paaooe. from the com binod discharge of the Brah¬ 
maputra, I'lauge* anil Indus which it earned at one time. Thb 
old river ij> lielicvoi to be the kucm-usct of the narrow strip of i lie 
m —the remnant of lb.' Ilimakynn qsu left after the main Uplift 
of those mountains- us thr latter gradually withdrew, through the 
onoroedunrliL of the deb 1 of the replacing nvw. from -Naim Ul, 
Solon, Miiroffanibad innl A t lock to Sind. The Nnniimthtic hnie- 
atnne deposits of the* localities testify to the extent and boumlwy 
of tin* Korean' 1/nlf. ike Xfo*t i stinctuui of this gulf, which nine 
stretched from Aiwuu lo Stall, left behind it u whir river-Wnm 
which were laid down the rilick miim of Morten and Mwalik 
deposit. during the interval between the early .Miocene and the 

‘ IS If. IWw, 111- Iml. liellrtH. O-iiM. Woe., etj. kf«v 
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«u<3 of Lht' rjtowiw. l\i*L iSiwiitik nun ruitiiits til tlit*.N W. Punjab 
brought it bout 41 (IkauunliRnnsat of this river-yv-rpim which 
hitherto luiij Hotti'J from (Jin JiW-wntciw la .V-oiu, through the 
wluili- hi Will ill India, to the l’utwnr unit thence to the moling 
Firuul of lit* Sunl Gulf, imo thri-o itubnirfhiry ayatiwu: [IJ the 
pnrsverut IimIum from imjrtli .4 esi Hn/uru |2J the five Putijnb trihu 
tail' rivers of the Imtti*. <:l) the rfvi-M U+.iigittg hi the Gftflgfe 

ny-n-fu which liiutlh L-nk L -.rli-'-a-irrhr emit?,- 

The elevation of tin* t*,»i Wj | f * plateau converted thn north- 

»fst scetiuauf i Jut mnin river into * separate independent drainage 
inwin, witli til, Sullej an Ita mt*t eumierly tributary. Hithurto the 
“W« «&* iiawliod to It* confluent® with the Indus niim;- a 
irud, wJib'li i'ii- i north-w ■'item prolongation of the jineont 
««"« ,jf tbl ^uniu.i tJuuitH" vin tin- present bed of tin* Sown to 
Ilu- Imlue. Air. ' the** I’li'varory fifan»nvani nod «'p:irntiou of 

iIn' north went sent inn, Ihe ...lining upper portion of the main 

t'hjLiijn.I **. siilijMH r.. . of rmurrvil of How it* water 

tn-ing fomd bank In the Punjab ubvatinris to »eelt an outlet into 
ihe Bay <,.f Bungal along tin* non ujigr.uJotl. more or les> N'h i-Jled 
milj-muutmm plum*. In UiLj irveoail of the old ilmitiugo f^coe 
“IP* the chief-lui re i< - n |>r.nr^ ,,f nver-cnptnre by head-erosion 
of tho irilnitHrii ,- I In? COiiLpeb'iioc qf rhfi mrtiir v of nvqr-c&pluni 

m mrctimplidling llm* fiir-fvwJiing ajutage is dot* table ttlM | 
ilifk'tt'utiul wrlh-nuiveiiii'iit n> the chief coatribntoty caime is 
suggested. mrird by the n-oetitly levelled and uniformly graded 
dfafimgi-ltniM un thie surface of thn*o wide plains 
Hie afrymd upper purt of the Sivmlik Piter become the modem 
(■ouges, it. having in I'tnirv/ uf time ciipturnd ihe traruvcrsiclt 
ruuiittiL' Jumna nod convened it. into it* own afflutmc. The 
traiwvenw Himalayan river*, r, ;7 . the Aktimnrla. Karnafi, Gnndak 
mid KtiHj..which are rvally -tuning the obiesl water-dounuss ui 
.North India, vmi timed to diifi'liiugn tliejr wotcra into liun new 
rivi'r, Irrespective Of it-v nit in Kite d<vi limit ion, whether it mi t| lc 

Arabian or tlie Bny uf Bengal. Domtg ttub-BecW timw 

. . v-hntw t,M.k f( |, m hetweeu the omitraly afllunn^ ,if the 

luiluaanti Ihv tributurie*of.thoJunma by luiottralillUnf-^ 

, ( b« wateMihisI n«iw !•* one sido, now tolhdotlntr pj W |,. Jtrr 

both pliV'hvil ami Itfatorlqnl gnuimb for thd Miff tfjnt ihu Juimm 
tliiriu^ turf} Inn?* djfldliiirgtxi intu \hv Imhi- ^tuin 4 

through tin- in .m M'gh't-i.iJ Ml of the Sarrixwitli rivu >.| jhmttt 
tnullU."^ ita t ourw to Phiyajr Iniitg uf Jut*. wijtiLiitJriii. 




FMYaiCAL FEATURE 


Tbtr Punjab /portion* of the pEi**cii(Jhduxti t t lieiuib* Ravi* Hea# 
and Sulk] have originated after the uplift of flav topmost stage? 
nf tba NiwnJik system and suhseipjen! to iht? auveniTiOu Of the 
\ ndtis fn i in ! bo -Ha ngrj’. Thu Potwur piatoau -bi i SJrfi ng in n ve 1 i ton t h 
could not hut have njuFonaU'd the tsrnnlf rivu loth nf the *usif bran 
Punjab, which until them were discharging into the lower Indus; 
the vigorous Iieiid-emsiuTi resulting from this impetus riiahEed them 
fo capture* chid bit nfiur the other, that portion of the Siwalik 
Etivcr which crossed fchu Pot war rm its wesu-rfy imhitnm Cothu Induh. 
Ultimately, the head waters joining sip with The youthful torrents 
deftoending from the uKmntiuw, tln?su rivoos grow Hindi in volume 
and formed these five important rivers of 1 he province, having 
their sources in the snows of the Great Himalaya Bunge and de¬ 
riving their waters from as furt^l rra (he ManAsarovrar Eakr on the 
Kailas Range. The western portion of tin- broad hui now 
dosertod channel of the main river, iifW theart mutilating Opera 
thus. liar: bncm occupied to-day hy the jurny. insignificant stream 
of the Jx>an, i river out of all harmony with its giwt basil* md 
the enomujijH extent of (he tin visit He deposit* with which it k 
choked. 


The Himalayas are nmlrrgoiiig a very active plwse of *nhncnrd 
erosion; bring a zone of recant Folding and fracture, their dLdnte^ 
gration m pjrooootlmg j it a mors rapid rate than is thn oasu with 
older earth-featiiiTS of greater gaologicat stability The plains 
of India and the Ganges delta am a fair maism of tho amount, 
of matter worn down from :i sriition of the Himalayas rinoe the 
Pliocene period. Landslips, seal eteop. breaking off of ettommu 
blocks from the mrnjBtaiii tOfM, Are phenomena familiar to diJtori 
to t hesc mountains. The denudation in the dense fon^ts nf ihr= 
bill-Hopes ill the Extern Himalaya* iwalta (hat of the tropical 
[fliidfl in js_H iiiir rifti li- and eluiriiotQ i r + 
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CHAFFEE II 

srKAXHJKAI’HY OF INDIA—ItH ttODVl' !'l)RY 

Correlation of Indian formations with those of the woiM — An *jiit 
standing difficulty tit the Study of lit? geology Oflndis is the diffi 
ifiiltv of fiirn i !utiii!{ memltaloly the TldOtu Indian jvstciru and 
scrifr of rocks with Lltt* dlSbtui divisiom* of Uu* Eumpsiii strati’ 
graphical *eah\ whitii is accepted up the sliuiiinl for tlm world 
Hie difficulty become* much greater when there is 11 tolul nhsem* 
my huid of £x«U evident a* in the enormous took systems of 
ihu IVuinsuk nr in the outer sane of the Him dutas, in width 
ertsc the determination of the g(uli)gt»l horizon w left to the mure 
nr less arbitrary and unreliable tests id litliulugiuul composition, 
structure, and the degree of nwtamnrphim *»<$&*& by the rooks 
These tests an? admittedly uusnlMietorv, hut they wri the only 
unrs available for fixing the homology fti the vasi pre-Cambrian 
formations of the Peninsula, which form «ud» «n imjM?rtant 
feature of the pre- PalaeoieOM' geology of India. 

The buHUt of stratigraphy b the determination of the natural 
order of superposition of stmt*: until the exact original aueeemon 
of deposits in a stratified series fe ascertained m corn la I ion Of 
strata at different locality ta fOwiMe. ft J* thi- function of 
stratigraphy to discover and arrange the Mrihnmtfary dopumts of 
the earth's eniHt in the order of their age. so that earli originally 
older bed is lower in poeitftnt limn Ihu next novel one. Apart 
from the complications introduced by fo^ 1111,1 Suiting, 
which makes the application of tlir principle of superposition 
difficult there is the difficulty miring from iu 'picMi luiemf sarin 
tiona of sedimentary rirata, A ^nd-st-im or limraLouc lyinu 
between two shale l** may thicken or thin out tmtd the 
whole series become a group of wristonrt or "iiisloiu's " T 

Tile d boo very by William Smith, at the end of the eighteenth 

century, that group?* of strata #rv clmrsctidwl •?; * 11 

w 
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tiou it! tln iu i<i jmttkidtir fossil nrKini |N| nS' fJ *n I " 4 idttnf.llii j il 
t»y llit'iii, Ih id tin' foimdnlion of hi?toriunl j?f>logy. in • -rulifiHli* 
iiu; fiom lfliiotw of formations in dislunt areas t ho fuDowiiltf uri tori* 
nni mnploycd: 

(1) Tin' order of empor[M?^i< itPii, 

( 2 ) Fowsil organisms. 

( 3 ) Lithalogteftl fih&TMjfore* 

I n Sr.tuligrnpbircd continuity. 

0 } 

(0) DopW of moiainorphisim 
1 7) Tictonio arid structural disi urbane*. 

Therein nu question, of OOtnse. of establishing any absolute con- 
tomporanritv^ between the rock-systems of India and those of 
Bnropo* bccuuw urn bet lithological mm&goiidmQv nor even 
identity of fossil* in proof of the *Tnnhmnons origin nf l wo ronk 
iiTttiti » so fur apart. Biological fact* prove that the wnlntion of 
life brix jiu! progressed uniformly or in a sample straightforward 
■drool ion all over the globe? in the past. hut that in different 
geographical pnorrinera the succession of lifo forms been 
isuirktM by widely varying iatts of evolution due to physical 
iiiffc-rcni N rrt earisting between them* and that the process of dis¬ 
tribution of a pec it* from the centre of their origin is very slow 
ami variable. “Him idea, i herefore, of oontomporsuMity iy nor to 
lw! cnU’rtfiiiifri in goologititil daposi is of two diet ant .irer^. r veil 
wlniii l hero is ik perfect aiiuihiritv in tilth fossil content* 

Whsvl isi essential is that tho roftk*Te6$rdi of India, discovered 
ill I ho various parts of die country. > ho tilt I bo arranged ill I he order 
of their sujjocpoailioii, *.r.. in a chronological sequence. They 
should be. nhisttcBl’d with the hedp of local bleaks in their sequence, 
i ir by Qnj evidence their organic remain?^ imtl named LicC^rding 
to <i itwt lucid terminology. The iJifbnut outcrop* should then 
Lie comloierf among theiiisickc^. The Itufl. and the most i inpu t a ill 
step is to correlate! these, on s he evuimee oTlheir contained fusils, 
or failing that. «ia liihohigiuid ground.-. te sninn equivalent division 
or divisions of i.Ew standard suale of atmtignipliy worked nut from 
the friv-sililemiLri rock-rtioonifi of the world* 

Jn HI m? ? nil ion of the above it may In rvniafkwl ihni the Car¬ 
boniferous lyutem of Europe is cluuraoU'aiH.tl by the pne^^nen of 
certain types of fo^.- ih auA by tin? absonct? id others, If in any 
part til India u .ones of strata are found, containing u ^uite of 
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Org(Uli*Die m will fit UIFIIIV of the ‘J-.'Htni nod n few of thi tpti t €9 
mu be rcoOgniaed a* identical with the ntwvo, then the flttrie.* of 
strata i hits marked off iscorrelated with the Cn.rbomferr.il> system 
Europe ihough no account of Fooel 5 «'j-u]J iiriti.:--. ntid vsrietiwiis 
1 |,o system is often dcsignntcrl by « local name. It is not of much 
-i jrnift i'imeo whether they wore or were not. deposited o him I Ian 
euusiy, so U.iiLi thny pond 10 the «un© epoch in tint history of 
iijb upon the gluhc; and since the history of the development, of 
lift' upon the north, in other wools, the order of appearance of the 
>nccf^tvr life tortus, bos been proved to Ik; broadly uniform in nil 
parts of 1 fit* earth, then* in some unity between tlieso two roek- 
gruypji ,\s a substitute for geological synchronism Plttf. Huxley 
iutrudueed lht« tmii flamotari*. meaning “ Similarity of urrange 
motit ", ami implying a corresponding position in the goologii'al 


artm, . _ 

Tlio iliHerenL ° facies *' of Indian formations — U mtw hiijjpcjMi 
that unc and. the sjtme geological formation in thr dUfonnl dis¬ 
trict* »tmmf oww l of different of deposits, ill otic district 
it b Composed wholly* of massive limestones, and til another of 
iiLhh and sandutoniai. Thr«- divergent typos of ifeposil* Al1 ' 
S]M>|o:ii of a* l*'l tinging to different /kot. ‘-.g, « calewiw»w fneies, 
argilliiceoufl &wwt. smihbwim fiwfe». etfl. TJtw^* may *lw> fe* 
different facie* of fauna, just as much ns for-iw of roetdepOWs, 
ami the fades U then diatliiguishod after the chief dement or 
■diameter of ft* fern in. t.<J feow* httemi jwSr*. elc. 

Such is often the c**i with the roek-forinations of India, from 
tin* witness .if ite «w and the prevalence of dlffiaont phywwd 
•khmIMorh ai the various eentnes of w^imentatjoTi. twk»-it the 
SUDC system or SRC am represented by two or more WTdaiy different 
ttto.onr wwUwl, Another deep-water. a third temMnaJ. and 
■ausi'limis even a fourth, volcanic. The niwt KUWpicuoiw «c- 
aiauth «if this in the fjyndwami system of the l rnimiiil* and iU 
homoraxial equivalents, The former ii ao hnmcnco »ysi*m of 
fresh water and atllm-rWly deposited rocks, ranging in age Iron, 
tipper (■urhou.fi w te Pjrpcr j'^ic w ho*; fo^tb me 
and ntnifei-. fish*. and reptile Sock* f the « *■ 

Himatim, «» marine limestone* and eaicsryoiKi *■» “ S 1 ? 1 
ihitknria, and attaining dcejww* organism. I.k* 1 JMU«* 
Uptefepn*. f.Wmrn/s, etc., from the testimony of yhich t hey 
grouped into Upper (WbtmUhrwm, I^nuum, l ..«« and Jnm»i« 
systems. In the Salt-Bang* these ~itnt> ay*r«n« «*M Mt * 
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coastal fsirie-s of dflpoailtf like cbyi? and suiid winner wi(li Htlarnl 
orgamsma* alternating with imtCFtoiwaj. 

Id this oosnnBCtioii it muat he elcaljy remgniawl how thiac 
depots!*. which r*re Immotaxinl Atari rnorv nr le&i the 
equivalents of one Another, should come to differ in their 
contents. The reason i» obvious For not Oflh a^ marine 
argani&mB widely different from land nnitimln nod plant*, but iht? 
Ill torn I species That Inhabit T In- sandy or muddy iKittoms of the 
coast?- arc different from thro# pelagic and atyywHl organism* 
thAL land ft congenial habitat in the clearer water* of the mns and 
ns great district* from land. Again, the animal life of the 
of t he ]m<t ages was not uniform, but if was distrifruted livocrding 
to muvh the same Iftwa 113 those t hat guvem the distribution of ( he 
marim biologic*! provinces of to-day The IushUh entombed in 
same formations are of nwtftriily local or provincial ^flinftfcseu 
I ^ovinoialj nation of faunas arum from various zhiusqb —-the de¬ 
pendence of organisms on their environmenta, their iitylatinn, m 
fnrtu relative preponderance or absence of competing specie. or 
from phynacaj barriers to migration of series* Pelagic, or five- 
Mwimming, im-inhcrs of a fauna attain ai wider homontrti or geo¬ 
graphical distribution than bottom living forma. It thus. arise* 
that the fosaLh present in a »tn&* of deposits mtv not a fuwti&n 
only of the period w hen s he ric pouts were laid dow n, bob ft* Lyeli 
mays, arc a '* function of three variables ", vit., ( 1 | ti» geological 
jxriod at which the ittotcM were formed, (Si) the SOologicftl Or 
botanical provinces in which the locality was situated, and [ 3 ) 
l.ha phycdeal coikIj ttons prevalent at the time, depth« salinity 
and mu tidiness of water, tempera taro, character of the sea* 
hot lorn, etc. 

A new aid lu stratigraphy that Ijoa come into vogue may jus! 
mentioned, The discovery that Uranium nml thorium hrrak up 
inLo other dement* through atomic dMnlegnuiuii, prod tiring a» a 
final residuum lead, the change lakuiu place nt a definite and 
imHfliinildo rale, hn* placed in the hands of I ho geologist a new 
weapon for I lie determination of t ho age of the great a^oic pro- 
Oambriim aj'jitems. For India the investigation of lead-ratio and 
hoUtxm-ratio in some radio-iiotivu nmierak occurring in the widely 
spread Amlmmn olid Parana roek-systernfl may provide, when 
Ibese methods nre perfected, n guide to their correlation in distant 
Mt ¥iBa f $h anil i a nn ruoire ol~ ibrir absolute ftgut+ T faet^J winch are 
al prtwnl bni. vagotily knnwahle. Tbi*. work i* being carried Out 
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liv u rSpiiuiiHtoi iiiiitmirmi ta + V AhiYi'niimtfit m I H# 4 ii (<■ mimitirc for 

MeofiiinHiUQlft uf <tfH Jogicol Time in Inditt). 

The eiiief geological provinces of Endin—t.ivrfjgnphi«ti.1 lj *t* w-.JI 
aw fr^logicuUy India is one nitric wolMlciiiitvi litlit. I lioufjh H 
peninsula of the Eiiraalim owtfiront, it is struct nrfllJy minted nfF 
{turn it and has over amoa the Upper ttirbodi&roui peifod immwd 
its own gfiofogiwl ovat ulici-n as a sopaiato t-n i i by. In t. hi i gcoldgioa i 
abudv of any part of this imb'OHiLinftfit. I hirefcire, tliin ajijMt 

riliouhl to constantly kept in view* for political division^ imd 
bnimdnrieti have nn ft[gm£ciJiCt in the -ifcructuiv anil IWinathmnJ 
iiiies ufn Jand-moss. For this reason fchu region of India u. deoil 
uii.1i ns a gM#raphiciiJ and not a political unit and inohMkw 
3 r ikkUit&ii t Burma auirl OoyNk 

The fallowing ftffi porta of the Indian region which ooflUhi one 
or Lho other section «C tin' geological iei»ni in -“'Tile degree of 
lulhiras. These isolat'd fragmentary rPi-"Td“ from dlfft’wni 
areas when pitted together compose the geological hifitury of 
Lidia; oaoli tirofl. therefore, need? careful Htmly. 


1 . The Salt-Ranee (West Pakistan), 

This rang? of muunUiiw m a widnl/ rjpluiwl region -if India. It 
mi. r>i,L' nf the parts ot India to attract tho aoUre • f he gwv 

Wj l!Hl Ixith on woount of iW easily »c*.«*ibJo potion »* *‘*ll *» 1,w 
die oousnieuous manner in which ■»* nf the t^lngkal *? 

displ.i yod in Iti predptaw and deiiles. (Her ami ■!*''* -mligrnphic 
am! pkiaeantoligiiia! lesnlts. -he S-lt-Jianfie Ui-tab* » "*>*»" " f 
|)!itnoir una nf dynniniei) and krWil' - geokufj. 


2. The Himalaya*. 

\s m untirmo d in the limt chapter, a htwdto «f BtTAU 

lie? to tha north af the Himalaya, tadiinr! ft. central K&» 
large parIt of Tibet This i* k-iown « the 1 -l-tim zone .,f thr Hmm- 

|JL Tim, rone rf marine ms OM*t*lti*onc of the m«W* 1*^ 

dertilopnionta of tit" geolngien] jwmil seen m ^ 

II nil the nctiodit »( Mjth-hlftory fr »o the t ..mhnan to 'j» 

It J«S. Jt « riorn Hint thin belt of sodmientH fflrtendf ** <£* length 

of do, Himalavaii chain, from Hnrar, anil <o 

iT-tt 2LT5TLS-: iSL rr i m+m ^ 

SiinU .,, i» a,. Spin TShy, «ul u» ■“**"» r*~ rf 

Kuznii4?r» assjl Gfrxhwnl, 
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|l) Horlfc-WMl Hiniikiyas. 

ITUs nn .k irirlmji- Jtoz-im, h .minute, Ml* Mf Tumil. nod the roniw* 

rt f th, U dJujfWU A v>tv . . ><’ wqowiM of ™«ra* «*• 

and MiwW - - is mrt «' lf ' "i lhp ' rl "‘’ r **“ <* thp *™ t1, 

i.liiiv ..pUt* roquottffli vt Tertiary derolofunenl J ’ -" ,l 111 ' |JL 

i/hut. Jnmiun hUls. Tin- Kashmir Iwwto, lying h^twn-ji ihe /jui*kai 
Will the r'rtiijnt raiigw., omiUiin-i the mod ftdJy developed t diusjMLi' 
«rnm **m m any rwrt nf Info For tl.i» noM. u«d of “* 

camlv ndure i-r »Jie fornw»4i«i" to t*r Httultmu. ton 

1 ’iTuntrj which riimnttosJIy fcon* «w «f tlm U^i putt nf hnfct, tin- 
geolugy of Kashmir i** treated In hiiiin: ttowit. 


fii) CtfstraJ Himalayas. 

Hum - rmincnt explorer* hove luirftvdtod ttif gtofogy «f I)ihw rnmni- 
tuiw sinrr the early ’Odrilw nf the lori, iwtury, ant! port- »f M>» 
Mian, *»e)i oh Rpiti, form th> elinair grt»tnnl nf Indian geofegy- 

The remind Himwtorfts indutto the Kiinh lillla. Spili. Kutnaoii aiuj 
GnrhwAl ptwihrt- Til. ^rwl plnl-m of Tibet . iide 111 the noithm 
nivrt^ nf these iirt-Hi. ill ti Bedes of gigiwtie south* fin ing tscarpronnlh. 
wh* rein IlirstrwtiRiftiiliy nf the northern m-Tito-nui zone J dthe llim* 
Jitvns, referred to above, is typlOftOy displayed, *Cho Spit! tnwin W «» 

tear, known for Its foml wmlth a» w.iil V for the.npldpticte* of the 

stratigrujihif •.ui’ix^inri freiii tin* l .iiiilirim* l* 1 1 ii.'Uiwoun Hit 
tfjns of Kauhmtr mr on a nortli-wret aanUitntolui nf Lhi« Btriku of the 
Spili luuiii. Much ddbillmi work has been dime nf loir yours in f ha 

Sttnla-filnukniio tuts 


3, Sind 'West Pakistani. 

Sind ptswis-i H ft highly fl.MiIifen.ns nudim (‘retjiwoiiH iui'1 Tertiary 
recont Hie hill* of ihr fiiiitl Biflnghigton frontier contain the 
devplujjwl Tertiiiry w-ejUfTiw, whlflli l* WMMigtiiMd iu< R type fnr the to«i 
at Irntia. 


■L Eajput.115.1- 

iksicU-Ji the ttevdi'iHin Jit of u vniy toll onliinetii in rei unl, divided 

inlet Uiretr pn-.Plil«‘*wi' nyslcili* nf . ... ngr otiJ a't 

intm«thif ftinre ol" tin 1 Viiidhynn ny#lmi in tin* Arnvalli renpif, 
Wrotem iSftfpnimift I’ntJtolnii a fisw toolltod uotoropa id marine Mofondi' 
and early Tertiary rim I a imdurnuath tbr PIcLatOoena ilewrt sainl, 
which hnj coarednl by hr ijio eteotor port of the solid urrT'gy. 


5, Sunlit .mJ B^ucMsiiira. 

Thtm two crtimltn^. «i r-ithir rxtmmity * f Mir Bttfrn-Pimifttfiifeir 
arcot eantain n brprt thr ^ gpdlflgMwl fwoni 



STFlATIfiKAPHA OF ISffMA 


whicrb hrljH* t" ftli n 11 the gup* in tin- hiduut ..- Marty sd thes# 

fbvmatkmi nt' lignin liitfhfy rmwiltfeixMi** and Afford ground fur 

6i*mptliM4l with Uidr Iniliafi tun (reran*. Within lb* ^iH^rn^ii^il 
i-fei r?TT I ns I la " i” now km Judin I cjl HIli-mi irgiou* iriucb uro rt’ennilrd ft8 
] tn tut t urn 1 pJ iyjtioii I ox toimui m un it* 1 wft bs pfvl^re— IV, 1 ’nkiit i*u r A fghAn- 
istAii mid EdiieMetiifi un tho yrr&t find Bimrm un thr e*ak Tim 
itaduotof Indian gixilogv is tbmfcnr ftJrpcKited tu kumvofMir 1 priiidfud 
rock -forma rimra of Bfltochjfdati taid Burma 

E. Cuaatai System of India. 

Along tho i ^tc iTi a -no*! nfthr PrniiiKnla ami In a baa un Urn 

M<*knm run**, Uim In * *iriji of nmriiir Mdiimrui or Mr-ttfoiu. Tertiary 
iir Quaternary aguiu iu mm nr Ir±e* iwnimoUrf patches—the iW'fda of 
w^ cnsi wfirt ,k nl^ " hi ii.rifiri Imjtflgre^ionB un *hr skmibi^. 

7. Peninsular Indio- 


A:h murt to eUr frdju w\mi we buve ^mi regarding d* ph™^ 
kuiur’i tn ibt- fital diaptor, the Dooean pemiwnb u n port -«f Judin 
wliidn cmUins n ft-jimrfcablv fiail AjcW*" and pn .r*mtean 
and kl morit om«*Krtly d^nlaped r ™U*rubrmiL(Hfajpra 
P aluwT iwiifi group i* lEJiirpm^nted but fsit tin' tLk- Pat in ion Lomii- 
Utxa, the Mnwmir «t.-. h*» * fairly f«U *«*w* 1 - lmt ^P 1 *• "W“™ 

the CnttMCiii it in jwrfKinrtenttiiigly irwult' uqp of Uuvb™, u-riwtret 

iiriil voleoaio p^irdniulutiun* whilo the Tertiary w elinwtinircrrwen 
except bv the portly Etx*ii« kvoa forming the iiw^nn W*t*- 

The -tuilwit of Indian geology should fast familiarise lumwli 
with the representatives of ilio vnrirreui geo!ogie*l syxtftm* Oint 
k n> fmtnd in tfcew provnioee of India <uul romdatcrl to Itw pnn- 

■vnn I ilicnulntii i iF t llft Kill POIKMUI BOQUWlOOi 



Ih- ^kn**: (her mtwtl* dothud yitli M ami M by . „m 
end ustuniH which pnevaiiotl wJi.-h thej wen- 
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Mtid Iladf w-ii* the prapnituT uf * kmg Lilw of dertandjUikB. Ila 
fossil shdl mark# a dHteitc stage in the vvoJiitimi of life on earth 
that wfu? ra*dud at the time of j(a exiaieiiuo, which definite period 
of time if hue helped to register. Ohm it talk much morts t-hnn 
libs uf tlit? geography mui dlnuito of the ejxjeh* of it« 
arite and Its rivul sp*da&, In tBJfl w uy, hy n jinlieioiiA use of the 
is the bare skeleton g itcii il form and clothed; the 
geological reo^dl thou coJtse to Eht ml uninfcdUgihJc imivf of fact's, 
si hurdim to memory p and become n living *taty of the various 
iiLagoa of file earths cMiluthui. 

In rending a imtigm pliicd geology rhe tfluilcnt should remind 
himself to take note of rfse ilkiafrutions of I he principles of dyna¬ 
mical oik] tectonic geology, of which every page of historic*! 
p- lEogy i-x full. Man) of \hv faotji of dynamical and structure! 
geology find a pertinent ilhif-tratiuii ill the part they [day in the 
itmetiirci or hi«u>ty of a particular country nr district, The 
jiridilern^ uf en i^ik format imua< of Vttlc&ajcity, of the variatlotPj 
niigrei ionn and extinction# of Kfe-forma with the pawuigo of yme p 
' s ^ and a host of other minor questions f.imt ant inscribed in the page# 
***$ of the ronk-fegister. must to thought om nnd intHrprctod with 
fhn due that irnxlerti agwuiim in (he earth’# dynamic# furnish. 

'Hie following table give# the standard btao es In which the world'# 
atmtihril ni'-r^oliAi lifccOftn L? > livid ixh 

PtawnMay aIIei vinm^ eii\^ 
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#ir T- H. Hoi I tin rt, Vm/wr/d of v*4, i. diajimr iL» MHi7. 

MiWT+ Prtnrxplfjk itf i> frW:^ i ( M , Fm}. 

tfolluil imd TlpjWfr. Afoui. voL iliii. pt. I. IfiiJmn (Jnnltygitial Trl- 

mtnoli^K 1 1> 13 and pfanod EMiliom vol. fli. pi t, 1 0Jii . 

.** W- QnUm, 1324, 

W- IL Tim i j i rfc I , Tirnti# Ml (IVlUfftiiin A iVllkiri*), llltfrt- 
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CHAFTKtE III 


THE \J M'liAEAS ^¥31'KM ■ \Els$E8 AM) MKJ>TS 

Introduction -The nldegt rocks of the earth w e mst that fanvo been 
ruund {iV thp tmt tom oTT lift strati (jed tfcpQrit s. in alJ countr ift* of 
t\i# wo rlds exhibit si niiinr chjftrgclors rcffirrilnE their atrueture j lh 
wefTas thoir cofflfhW iijnin, They tbrmthe core (if ifl tho greats 
moiminm-f horn* of The world and tficjoumiiitiong of all ite great 
jmck-nt pfotemis. They ore wll (jra>fe J tho roughl y ijrvaiulh iir. 
extremity cantoned mid faulted. nrtt largely iiitnidc^rt by plutonlts 
iiitnigjonn, and geneunHy have h well-drtlmd folio ted Btructiw, 
The*® conditions fiFiva imparted l:u Mu' Andu'irzUi rock* mich an 
ext ns me complexity of character* and njlnEiong that the evatom 
is often known by the names of the H Tmnkimuitail OunpJox p \ 
the Ji Bosomeot &mpha *\ oi,c\ [Fig, 4 j 

I h e wfty irs ^ is id 1 the \ refiaca i j n ■. .-t ji|I t tic i oc k s i i u ■- j ■ i iHgi m 1 1 *d 
is nnt well tindoi>tiKwJ yet, and ?nnou» nitriles of format jurt Imvp 
hem ascribed to these rooks, (1) Some arc believed |» fepretumt, 
in part ui least the first formed crust of the earth by the eonaolh 
dation of the gaaecniB tir f nolle n pi. .net. rl) Sorin' are believed (o 
be the eurtlwt redimonta formed nuder condition* of the utmoe- 
jthere ami of the ocean* m many respects different from thoee 
(rxiaiing in later dales, find fifborwatik Hnbjecnd in mi eKtiiatnr 
degree of thermal mid regional mcUtmorphUnL [ti) Some im 
thought to be the rvauli of the bodily defortnfliicm nr nninmor- 
phiam of inrge pin Ionic igneous manti. under great earth-move- 
rpenrs ur street [ i ) Some ,±jb beJUsved In lie the result of the 
ion of im orlgiiial ketarup-n^nirt mrigfim erupted sun- 
ee^ivdy in the mint \rf, the banded granite* und galibrewj. 

Distribution -T In' eryvtnllute mettutuirphasoii w?di men 1*1 mid 
irnciiKrie rocks of liie Archaean fry*uon form im (mormon* uitfrnt uf 
the HtufkCe of 1 ndin. By fkr thu tergal juui nt tin- Feninmik 
the cent rid -in A w-ulbcm, in oemipled by this nn-ierit crVHf&Ucoc 
complex In tin- north-twi Limy nexsupv wide nnw in Orb-a 











rm auchakax 


Afttmn), CentJiU Fruvinees (nou MniHiyo Prtdeahj and CJiotn Xn^- 
jjiir. lo^'firfs the norE Ik tlie ^-iuiio wtik> art? in jui erfr'ii' 

Ahm outcrop wv«dog the whole of BundetUiand; vc\\\U' to l hi* 
nortii'ivKt they arr fount I in .l number of j^JaU 11 ' ruiUirop*, 
extending from north of Burnclit to a loii£ rfi-lmur in the Arivdlh 
nnd Kajputana. 

In the extrn-Pniiiiaijhi, tLnf&JVtMi mid rry.'.iiillijiv funk'* nir nptiji 
Qtpomd uttitig L j lL r uhtiEo Ilitl^l b of ilio H imJnLi yiirt funning the 



V j i —J Jni+j- ii j i < * I: ■ • yi si ■ tijir..-riiiu 111 l|h Mi ..m L-i. n.i>a -J' b Lt^ppli .. 

hulk of I he high rmage* ninl thu hn.rUmm 1 or the i uu tin tain- 
epitem Tili* crtf^tuUiu* ■j.m- irtn* u-- u hruinl writ rat *onr f'rum 
the liv-itonmirtHE KinhniIF rang™* to the eastern eitli^tnUy m 
Burma. ‘Tin- rn.st.-m p«rt of iho Himulnyt*' from Nopal 
ward** W not been explored, with tile exet-jithm of Sikkim, bus 
it i* wrUin that I In? m^dlmr z*nw i> quite vonlimiou- it is ti 
mntUr of greflt innerrtninly Imwi'VMt, whnt fmrl of slip- riv:it 
gothic complex of thr- Hmutfay*^ {deejgaiitad t> the 4 CWitml 
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OEOLOnV OF INDIA 

or fi Fundamental if gneiss) roprcsente the Aroluusui system i 
became mauhofit in now ascertained to he highly Diet&ftnii^lboiad 
granite i^r other hit maizes of Ut® Ricsoank of ovw* Tortkiry w l? w ' 

A fairly hroitrj oryriiaUi.no zone. similar to the gnri&3ivi HJid 
metamorphosed ^ediniontH of tin* PeninFulo eoriniiLtih - fthua*t 
tbpi whole framework of thfl \&hud of CeyluTi, which in fact ft 
port ol" tint Deccan Pc nsnsula. bat nwtmtly separated by a shallow 
The gjink&es and schlfite of Ai^aemi-Itimrwiir afhnitira 
reappear in Burma a* a brond belt, alter crossing over north - ik?t 
from Assam; this belt runs along Burma from north to amith H 
uo turn t tiling tho so called Martaban system 1 of the amitlmm or 
ToRA^surini divisiotk fliicl the Maffok *pi* t of North Burma 

Petrology of the Archaean system—Over all thfc*e area*. of many 
htmdnai LhmjuiJUid square .miles. the most common Ardfiftc^n fvMjfc 
is gnei**—n rook whiah in mineral eompodf.ion may rt\ty from 
granite Lti gahhro, but which possess a constant, mom or Iras 
foliated or bond’d structure domgnsted a? gntiJWi. This cW- 
adterMio band in I at flLrouky clmruettr may be eitla t due to au 
alternation dFbanda or layers of the tlttferant wEUstiteiftf minerals 
of the rook, or In tlu- association t«f Jayerw of rocks of varying 
mineral oompoeillmi At many places the gneiss appear to be 
Pi more Intrusive granite, inhibiting dearly intrusive relations to 
Ua neighbour*. The jiueihd. again, frequently shown groat lank 
of uniformity either of com portion at of structure, and varies 
from place to place At IJiulh h is very finely foliated, with folia 
of exceeding thinner alterriul uig With Gup Mioihor; at other 
times the re i* hardly any foliat inn or schisfcodty at alL the rock 
hsnking perfectly granitoid in appearance. The texture &ho 
varies between wide limits, from a coarse liuiocn^falhne rock, 
with individual phutioniysto oa large as one or two inphea, to 
almost a felsite with a texture eo lino t hat the rock appears quite 
homogeneous te the aye. 

The constituent mknirab * if i In 1 commoner type** of the An haean 
gymim ate: urtkoclrtse* uligoduN6o or iniLTodtDO* quart?.. muscovite. 
biotjl*,\ and bomb had with i variable amount cjf uceessOfy 
mineral? and some ^ccuodary or iltenifiou prod tie U, like tourroa- 
line ( apatite, magnetite, druun, chlorite, epidofco and kauluu 
OrthookflO i& the most abundant constituent, and givc& th*i char¬ 
acteristic (link or while colour to the rook- Pl*gk»t«n i* snbor- 

l llAULi nud; *-bo«* thol cliij .UnffciV. i™ am probably Lac^ly Sfii*MoSc 

£T*uilC9. 



THE ATICH AKAig SVSHTM 


711 

ihunii ui niuULLrjt; «|Uattv. nU eh present- tti vririahlft qitanHtki*: 
hornblende and bio tile are the* nuwk \mml Ferro-magrttaiatj con¬ 
stituents, and give ™ to tin* horn him dr- and tlotite-gneiawe, 
which nr*.- tbo most prevalent n-rb of i In - mrtm\ tnxigetf over wide 
tracts of tEm Himalaya*. Tournmliiie I* ait e^mt-hil wiutitucnt 
of aomo gnekw of tin* HilmUy aa. Chlorite 0«ra* ** a aiHiondury 
pfodticrt, replacing either hornblende nr binUte/ frequent 
mmemifl, and occurring itjlhcrhi tkr inaui tn^ or ill tohfi ptgfnaUt* 

til Eli cross (hotn, &nc apnlit*-, aphlrptc. ^anitK curdirritc, 

wapoliui, woIIttM-iiitc, taryf in'raolfU-, wstitiolite-, fsdrit*. ronire 
| ,r ii, sjJJjjnimiii, kyatdtof t-s^-.-r3n-r w s Hli Dmadrto, nmlr. 

graphite, bon any, nf.e. Beside tin- composition of tlnv gneiM 
bokig very variable uver whir arran, almost a]] gradations are to 
to acan, ham thoroughly add In iriutmirdinhi and basic ratnposb 
tinn (grnmte-gjiuijUp diurit-t-gnniH. gabbrn-gnei^j 

By fcht* diaappeanmre of ihu fcliqmft the gneiss puss into 
mdibt^ h which nre Uh- neit jdmI abundant cotnpoticnTrtof th^ Arch- 
m'tm of Inrtiu. The an/ for tile itn*sT jwvri ThtfPMighh 

®ry? tailing mic*~, hornblende-. talc-. ditriHte*, Hjidot*!-, allli- 
finite- mid graphite-Midlists. Mica-^dkisN an* the most common, 
and are often garnet iferuus. 1^^ oorfunon rocks of rJie Atohtrean 
of India, .md oi; tuning separately or i- iiucrlK-dded lense* or 
bands m fbr mum complex, are ‘dates, phjUito> graniilite^, 
tTVMjiliiiiy liittMtoure (marblreh dolomite*. graphite, i ton-ore*, 
und hsijhio other mineral msdse& The gratae* tiul aebkta are 
further traversed by un extenaive system of basic tr*p<Iykrt of 
dioritio or duleritjc or ultra-bdudr ^rnposjtron 
Thy Archaean,* i-vinve .n geuemtty high grad* of regional or 
dynamic n^tatno-iphi-^ni. due to the fchre^ of four pcrimli- of 
dhmtrnphiitb [mount a in-building mirvemmte)' which they $x- 
perienwd and the widespread xgsuxms activity of tlii-Pi and nob* 
sequent periods. But them &n\ in the Peninsula, arras remark- 
mmy immune from these distil rtuifice* H which show a feeble (the 
tpi'grttdo} metiimorphism, ehiiract«rrised bj tii^ fimvalence of 
mck-types tmeh bs fihylHtes of *nlu*t^ with ^ndi mtiieraJ^ a:? talc, 
chlorite nnd ephhitc. From tbss ih^rv u - r + pmgn^irtr fine tn 
grille of metumorplusmi (the mt-^-^jr.uie). eh urn Curbed by the 
preaetic^i of mim- t homblcaidc , garnet-^ «md at^urolfte-schisU nnd 
to the high grade of plutnnic motaniotphiam [kfitA-gmdc) p 
dimracterhitio of tJic deeper, more loaded eoqi?s of the rnist, in 
which such dense and compart mincmls us pyroxene^ cordicrito. 
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griphih 1 , gartiH* dlliuiaiiitr "•' devt*|oj*i<I »n lock lik* 

grnnulitOH 4itwl wilogitr'- 

Hut t !ii‘ Archm-mi group »fl 11ii le.' w. ji- ii1 this ■ «E hor ccmuttlt^ of 
the world. St- far nmrr rfiiii|ili'3c in iU «■* nc-f ui bn Uian i? expre^ued 
bv the uhn-vt- ivw simpleatatoruont*. In it f though aavenil db*~ 
tirirt pelroliigU'Eil ekimuH* \mw Im*?ii recognised, yvt ili^ir rtila 
fioBH aii voi y intimate tl mi .wpurHtmu of throe in r«ry difiieuli 

or impossible, Among these gndgaoa ami itdikM those wliioh, by 
reiLNim of rltrir qlitMiiimil awl fpiwniiiiglrd comi^wition. Are bo 
Ifevcnl to be the highly deform'd and inHAinorphiWfl equivalent* 
of p| u tori if ignev-i^ aiiiaHt^ nf hit or ngn- are known Jia ortho 
gi h ■ irt» r> > H‘ f >rt,ho Mihi st - , whi Icr 0 1 her* s I a u 1 - 1 iggeal I li e dm nustelfr 
ni highly altered scdifqfciH* depriRiUd in clici ancient seas are known 
m (iiiira-gn+'ij^nr pnra-Aeiikts; n third kind Ogain ia almi difr 
tijiguisberi, which, according to Boim* authors, may 1 m» the original 
hint-formed crust of the earth li thim appeals that the Indian 
Ardicu an ri'prestcntfliJTea do not hnlong t< iwiy one {Jrt rofogical 
yy^steia, but are u '* complux ** of sotoxhJ factorn: (I ) art ancient 
rimdninentirl line*? incut camplox Into whjdi i.2> a neriea of phriome 
rmrka .Lie intruded, like the Ch&rziiH-Jdtt ^ untl Nome varieties of 
Bmirlelkhitiid gfieh'ftis, while there ia (3) n factor representing 
liighty + metamorphos'd wshutoas sediment^ the para-gnei^^ mol 
tdiiNta, which probably are mainly of HharwuT ngr a nitd are 
general I \ younger than I la- [31 gneiese?. 

Petrological types—included in the Archaean. gneisses and 
■whists then- An 1 some interesting petrological typ6ft + diseoTcred 
during the jirogmss of the Indian Geological Survey, which the 
Student ■’b« riihi know. Some of thew mr described below; 

i^raniH- Of Mysore, Kortli Arx>k Madnia Rajpntana, etc, 

Augiie-g ramie. ! Jf Salmi. 

Augite-ejenitc 

(Laurrihite). 

NVphclirie-fyTTiite. *>f foimbATp^r, Vi^ngaipiUnriL, Rinbrngarh 

KlniHilite-AfauJtai.aitfl gftitanii mul Jtmnsndh (Kathiawar), Three 
ttmir ptynutih^ ar^ a group of inti rmediatr plukinir rock* 
FolUterJ Atnnnji thr Arnim^ their 

MfjrtnsiJ t>i iiinrgiL &jtt+ cnJeilr luni 

(jmphif* iii u quite finals staler. Thy p-gmjt 
lite^ of thr e|iM?otitf>Byanjie of KiBhcngarh 1 

* For lb" ryimii* Wlilf «if 1 hn V.K- nnd efllw Ax^v^JElm. w livrm, 

fit*. GSJ. t-ol, iivb pi. 1. ISiiinl 
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EloeoJitfr- sytiuitc. 

Au^ite-ttvemto. ^ 

O-umnd Lins -sji.il i iu\ 

k. iljtirisuckiu-. 

£_ Anpt e-noritc. 

3« Korito. 

4. Kypmtiv 

<L FjTOXGlUt^ 

7. Anorthosite 

5. ffranulittt. 

II. (JlELriielEfuniiEf- 

Icptynite. 

tO. I^TiiSL^nr -dioi iU- 
ll. 

Kisundtiiiie NMncd lifter the Kkml* of Ori^ t oocius in 

<Quart e -iHiimjiiiii' OrtasB. AJ-ulbya Ptiul<*h. «^n-: fttfi hgln* 
+ pnit>i - paphittf) I'ldmiftl richly jEsrnetifeimis (puba* ami 
Rahirtf ohmiwteri^i by ihr- nbsmd.imt uf Ihv 

mineral adimumh- ami til* pre^tu* uf gra¬ 
phite* Thny mfr r*yanM .l- 
hud wsliiits J TJm Khomlnlite poop is W«B- 
fJevtfflpftt &Uu in TmrjitHJttPi* ui OoyJmi 
takt U]j?«T rake *«W til* WIOT nf Ul* 
depots of graphite This poop if rf raiteh 
wider goographM pnrrfllir/HVf? than bus hmi 
bo fur rocttypilssil* 

I Gkmdtta Named fcom Hn ©tpn 4 l of Mudliyn Prtd*ih 

iQunrlz 4 mlwigfliir^. hv Br t Ffniinr Tfe-ir At* ft ^ of ojem 
game* triirirtHe} nUpbn«rd n*lfe bclrtipftg (o ^ AicW'-ui 
a, fthodonite rock ami DMrwor »y*%*ao* I«gdj iMmpwad 

, af i|tmiijt T spi-Miitil*; rhodonite and other 

umn^rtw ellirstrs th@w roA» am -op* 
pnl U* be |hr produrr 1 if th-- dynamic flU i li- 
nnjTphisrn of niBiiswiifrrtP* *taj» 11,1 
<lD[Po«irni Httrfatf Dharwur lliw On th* 
nh^mfi-PLJ dtaralton of tlte flnm^tiKsr sflleMM 
mi pnrflm . 1 B Qw ■■ rock- have yitfMrd t.hi- 

^huntJjuit msaty HifiMetres of the hhomr 

ijftttfHL- 

i ml ixsBfc f*. J* IMS’ 


mntniii Jiitgi : fyhtjili* of I -.'nUl.llul lllur "Mfotlt* 
wiili spJtemh aAmi4 r otf. h-h 
OF tlio CuEdibnUiffn district „ oouiUtiih the »> 
railed jfrwfaiEfeii strifes of Iftdlamf These an 1 
izmittfimUy rebiled rock*, nil darirod From a 
ocHnmon highly ahttniTtoiiit 
Of MsilrnN mu I Kfmpih um irtfcij tnfmnerfiatt 
Uuuo sad pltra biisjfr rttomtar* mpstitinilj uf 
u highly diOVfiMitjut^d uf iMjIcMryaUl- 

iinr. granitoid, bjiwnJtlH'U* Wring rork* of 

tifcL- IVliliLHlila. distLDJLfltisJlAi hy FfolltlllrJ Ik m l 

KiUkml by him CHmmrkito Henna from Job 
rh^raockj the foimdnr nf rWirsitu. (See 
t 'hanvvkilo *rri** l^lowj 


t 
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Kodnritu Kicim Radar m V»*ag»pnlani dwtrM 111*v+- 

(OrthiT+.JsiM- wra i» group uf plutOniC nveiia, iuwxbriU d with 

+ffljmgaiic*t"-gflnwl tiiP K Lutvmin lit u mgrl^n swjd poiubly of hybrid 

+ pfl* 11 trtJ . origj ii, Tiir." nurritri] type, or A< *JW* pro; hit, 

has iho aemjfttj&itiftii notod above* itnti is a 
basic phi i onic rack daasifkd with ftbonhinites, 
but llit i re i in: sHiiii a* well 04 ultra-basic 
rujetiaa nf the sctir* Jibe Lbe jjKtffdife'wl-. 

WOUftbilg IJS HlJAn£g£- 

^uriik u -ampin Mr\ -pyvttiten*, -epbou^ eta. 
at out t'itd p and rjuartE-otthodAflis rock und 
qu&rtz-kodnrilc ut I be <*Utcr These rwka 
«l^ have yielded iiirtngani^vam of ewnomfcr 
value by I'hociiiE Jit nlk-mt-ion 


Cttli^gunistf, TLp firoi two uf tliu«e nw highly eidcarou us rucks 

cainjpliyrcfl wtd which artt found aaiocMod with tho Archaean 

crystalline limeHtiHit"*). rock* uf Had by a Pradwli and some other 
Imalkjcg in IndUi They arc a wrie* of gnumj- 
hte~ like rocks with tm tmnsun lly high [rre> 
t>ri[ij£armuct tS time dOimleA, diojKiijy, hunt- 
bltffidfi* Jabi.uliTit+, epido&e, garnet, flpher 
and similaridumimi- idmtwm silkat^- From 

Uuell 4 1‘xiTMptvdli nn I.IlliV OIo believed to 1)0 
piirA-gnpisrie:^ i.e., formed by the nietaLuof- 
phtam of a pro-oxi&T-mE calcareoiiH and argil- 
I&ecoiui of sedimcnta. 

The oxidation by meteoric agundw of the**- 
ftera Elm given d*a lo tiur oryatallina lintif- 
•ijjm-x, She third cbi^ of rtmbft menlimwi in 
Lho heading. Thise me very inUmalely asao- 
■ -in led with ihv two funner rotiki ni Mudhjft 
iVadesh and in Burma. The abundant lima 
and tnognn^iiin silicates of tbv^-e gneiK«?^ have 
btW Attend by p’rrolnting wnuma* canying 
dined v«i CO*, in 10 addte and inagneNitf 
the erytUllinr iEm&etoftK* and ddn- 
mite* af Ibidhya I¥juieitb p the ^eleiimUd 
rnhydiracwtoDu n^odatoil with l.hr- Mijgok 
gnmss of Htmna is another example The 
origin of rhcMt* Itnn stnurs wow a fnmlft because 
tbiv run hi «uf I- explained on the snpp^itian 
of thnfr l>riug of idthtr mdtorftblfj, Bi^wnir 
or obramral 4e|Ki9iti£ML J 

h tV'muir, WrvV.f, \-flt X^XTII, |rt. 3, ]WK1 
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QGtuTidLfitrTnaUtcv Cotnpoecd of quart r, uid hdttrnitito or quarts 
sn.liLHt (Jnapillto)* nntt migiirtiUs Tbf*o arw of \ nry cocmaom 
jvr^vidcnc*? in uuwiy p«tn of South im3sr+ ( 
L'apci'iliUy mii frtig the I'Hiarwnf wfliiriit. Tlin 
iojes ■tiff ami jasprr or quarts an? gcnundW in 
vnry irHinim** fts*r>eiAfion airnngrd In thin 
Kvnfi* nr folia. 

Of Mndra*, Bttttaf, ot*., h A 
phased. brain 'vltunlnou# Acdiinnnt wltJi high 
lmigriraia conlom In the morn m 
phc^d typs» upihopliylLtte, siElinunitf \imi 
gurnet ar* fits'| eiwi t Jy d ptvekJped. Ati)d f jtiqpu'- 
unil qinirl&r oh u biotite, mi 1 uftnti pftsuruit 
in Lhoise gurEssna. 

Anrlnlud I«' (nil i ii i in is i tf. Of Mndr** wnl Miulliyn iVaiirah. rnfiriiwflting 
kynnil<\ akiiutuliUA highly aliirniiitui* m'dimunte, cooturt.iflifta' 
.wpj jftf f- inorplioseiJ by ^rriuMJc iDtru^u, 

A SlrtHkY gn«3irtwe&. ! ' So tailed no ac&opt of 111«■ arrangrilM^H ■ • ?" iho 
UltcwtTAkii .-UKl mekmirrirtip ^mj^neiit* of 

tin- nwls ito jjArullfvi uti^iiki and hamln It Ja a 
jouk and llu? orifcchs of thu rfmoture 
is due iti umiy cum* to iho Wtpar-fa injection 
of mi udd upHtir; maionrit dong tho folist™- 
plant* of n srldfiRW mrlnnncraiin nmintij- 
rock 

FeUpathle KNffiM. i*unpe«*l of an odd jfegfedM* sub* 

aRlinnko miiwline, flraall flakes of Motile and 
muncoviU., mid fjiuirtir, Often a piifs-giwis*, 
ji repri nt* n Uirur.it«liJy ttaystaUfwd alii- 
mmotu ncflLnu'iit , thn MeUniafpIslua being: 
dur (n. graiiifrfr IntntfkttWu 

Pegmatites pieae aeun^gmiticd differatUato* of igneous 

rocks, fsjiccin I It itfliHie »ff widely dintti- 
hated in tlir An hjiism mm plat of India. Thoy 
ricnar chkfly m tfiit* .trill dykefl JaUmecting 
the older nicb, and sane lime* at aegregatiim- 
)«aifln-» in the lmd> of tl.o reek of which they 
»4j i dlffnruitiatOR The ami! ifnimto-iwjsmo. 
tit«s iKKiUrthnoa u-Tlftm Imcc dhtninunitkiniid in 
N T of torn, HnuriUgh. «*j*. KsMhmi -ml 
\jiuiT-Jlervun* li*vr lm-n found to «*>UiR 
many m Hearth irthwf»l* end mira deponiifl 
of economic icu|>ar lance. 


Q i sarf 2-iimgnu litir - 
add«t. 


CurdiatH^ ■ guni^s. 
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Pcm.d'otiU' Tbcsw ultjm-btwjLi roota. though not widely 

(Olivine+&mje pyrttid, itiv nf important* n t their 

mfrtrtfwU)- n&odiitiitfl with fatbemin of coojmttic u*e-. 

Diiirik i v^&ent iiilU TJw> aw the 'M-.mt c* of dmimlic in Jndui imd 

ulivinu)* of urpimtiue nml mogpIlA, The chromite 

^uxoniir t incur* ns te'tMiko vninw und sintered grains 

(Oiivmr i rhombic m thnw ruck* Among tfue well-known ocaur- 
pjmrnu*}* tenets atv rJV-e nf iSwl«n, numa dirtrict* in 

. 11 }sun*, Si 11 ^hMi urn. UuhJu Ottstii m Bftlu- 
hi pit n r l ri i til J ►rrirf in Ka-hmii. 


ArLipbihalifog* 


ijiuirlaeiu. 


PhyJlite,. 


Of w-ideepnwui iliblrflmiiijii in rbe Peninsula and 
irxtTa-PtenuiKttljt, these rouka consist tisBanlmliy 
of trcraolltfl, Jieiiutility, of sonm oilier ampfn- 

Mi+ r wclh vrirysug iLuinunH of |jlnyiorIflw. 
ijuiKrta. cpfdote und gwmaf Qtv often prcficnt, 
Iliey ate products of thr uictemorphiRm of 
Into* ipuxmt* miL->^ s tuffs, nr 

( a ti11jjii.• ii m I i:' \j'\‘ FjJU.Mi.ii .aid Dhai-rtiif .uni |lji 

older PtuniM system#, it* n gmiulofto, rccryjtijil 
]i*ed uir ri 4 nir>rplde ft* -k. ftmiponed ftssontiitdly 
of qiltm «itli nr limit prrji ite, rutile, nr 
irilief ermrittstent* It may he dc- 

ritfld from odglitjil d licin pun or from 

mid vitm -ijuiirti;. In ihr itl^iin- 
id jsimLliindiiou planes, rifiplr frimk* and of Hit 
wdimarittir} ehflruoiers, ft. in difficult to iJi*- 
linfUEib ^limoniaxy from j^neOtts qusftadcei. 

Very widesjimid m dm Arc Lucan and Dkannr 
myrtf'wh (Iften mwrWHy grcpbftto msti Inter- 
Ih^JiJivJ will* cryniaitfni? HniMon^ p tV 
Jli'mubyrtti 1 ilvinvur* arc ctjfedafly diameter* 
J^od by \hv prevalence graphitic phylitfc 
nj]d}ichid| (Hulkhidn uml Jutooh hffica), Pawl¬ 
ing into injim- F dilnrite , m mlc^-herl by fur¬ 
ther mrTrann irjihiriri. 


Groups- Tin ^tiruHio AiuhurWJi n^k* nf India nir gititenliy dr- 
tmrilw^l sitidor tlir fullowing thftw mual grnii^, onrh r>f whrrh in 
ir^ mpcoHvp nixm bn* ivwit 1 type*: 


I . B* r 1 /rJ i ij n r 1 .V^i ■— 11 i M ] s 1 } fdi:L<r ! 1 tl I - 1 ■ J^OI V" • I. J - . AC J 11-1 

£mk*v* liikJ •ehi*\* t wf Ifam^aL Bilmr, Lanirttir: 

mid large tmeta of tlu j I'^niniiuk, 
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2, Buirtfott'hunJ ,/jj, / ■. ■ \J||--,H mir-1- rf 1 * -if Hi i in (H 

klinnci awl part* of iln" PtanNnfllji Thii jgfteiMi i* 

mr^j'iJcil a* lntna*ive injtin former. 

3h ^ VinrNW^lff pnet&tf -Attas&fire, mu pi jiv. ^ J_i rk- 

cofoured h3^<]r5rthen^granitoid giidswtt nf Sflulh India. 

(1) Bj- f - n me-w U \ i+vy flndy fidinti j|‘ lift<-r<igpuemi h njm- 
portion, tfats liiffemit HChtalow plants bring diir&dc rifl'd by 
11 tali'riaJ of different ^impuriti'in. 'ITbJn gnd** I- dowdy iumod«!«iJ 
with *diiaB* ui t-inrimi* imTijnhwifcmm The gi km^ m often dinfjtic H 
owing loth* larger [iniporliun of the pUgattluiu* preniit. Sunn r 
on* mtaiv&lftb-ii I**!* -T IhiLt^umur rldomih-, hunihlenik-rock, 
ophite-rock, curiindmn-nick, oi<\ occur among f.h« pw-i^v There 
an abundance of necvjwory fmnrtaK irirulamci) hah in this ruck 
itself mid in the Aecesguty bodi iiaaodNhd wiik it, mvh a* mas- 
JMtite, iimcnito, aritori garni-t, cnlrile, h-pidnfitat beryl, ijiittilc, 
r|iiiJ[>tc, corttmim^ miens. and AjdwtH* In nil the •*bove trhnr- 
nHer* the rock* common 1 1 1 tlnaignind Ifengal gnm*» differ n rriI:- 
itigly fnnu tlutao eninni-mk nnrned HimddUamii gmw. tu which 
thurunm no aoiiMHdury oOnatil m-iifi. and Imt fineJiASCKtinieti eirhiatai. 

Tin weathering uf -one pnrU nf the gneifla of North Bengal i* 
VOJJ |j*'i'ljJ iinr; it gim riw to NOiivi eimiliii, dcnuMike hill*, or 
cllipwiidul nm*#* L 4, by Jin- ** hit rating nf the rock in rv^jlnrk 
divular acnlm From Ihk pvaharity tin gnia** hue received the 
name of Dtifttf pmcra*, 

Thegndre In .some pjactmof Rerigalciowlyrv^mblertajiiulraiv* 
granite with well-marked mm** of eoNtairt-inctAmorphiain m the 
tforroLindiiig gneiss anil twilit* in w hich if nppoarn n. have hi- 
troiled. pluUoiir nature in further ifaoim m iir. ivmrdniug 
lotittl tegregationM (atitelUJvt) and bcltwinm- of foreign rwk 
fragioeotd {xeimliths), 

of Mtngal j/ji« the foregoing varh'fii^ munr 

teller jK-t. mlligieji) t^MNi an? diiftingiiMtuid in tlie Elmigul gneu& # the 
moat no tod tjcfing the Siltimtuife-gtir^ unrl Sffiimrimto of 

Uris*!!, known KlionddEt^ kfroni tin- Kknru! fnhnhitanla of 
TheH^ give dear eviiirntv of lift Eng nurianuif|di(Kiftl e^ls- 
rnente (pann-Hrh^) anrl are in the next chapter, .4 

large part of the eohMoge and inmetifemus umis* of Sniflh India, 
eomtrnmly didgnatefl FimdamacituJ gni:h^ ” nr " Pen! tabular 
gdoiaa boJongKS apprnpnate^v to thb diviaina. The Bengal 
gtmim facits is iweajed in the pnistai of Bihar, Hauhhttm and 


m 


{J&ttljpflV OP INDIA 

Itcwflk and some other part* of thr- FV-mnMtila fllect Hit* ( tirfUtUc 
jLLirl fialutih jfnciswH uro GxavnplcK. O* malic guf’^ i* ^uliLnlwo., 
inctudiiiu micaceous* tali-oo, and hnrnMeJiriin schists. flu- wvll- 
Imown mica* bearing schists of NeJlipfv, w(licit support th*! 1 iiitoa 
mines of the district, belopg to thr- inoiea of t lit? Bengal gimliiOL 
Tin? adust oso typo nf Bongal in regarded m pfo biddy t iri- 

oldeat member of the f ’omplox. The Pertimutur gums* 

of Mysore* covering 2fi p Q0O n-cfUaro miles, is now bdieved to \hs a 
granitic; gneiss intrusive into an older Dharwur BOffipfex. What 
hit vo been called the CloJtfp&t anti (ihompipn gneisses are also hucr 
grain to: intruded: in the surnti hmafiRecit rumples Recent work 
in the Archaean Complex of South India ahirtro that many of 
the line’grainc^i gncdsdo rock* are actually granitoid phases of 
recrystoIUscci pre-existing fumiatiomi and do not ro-|irri^irt- thr 
crushed or foliated phases of true emptivo granitcuc. [ Retard* 
M&D. t Vof 1* mAh 

(5) Ruxojcijtilinji CIkkiss, Bundelkhand gneiss occurs in the 
type area of BUNfclkharich Jt looks n typical pink granite in hand 
BpooimCttH, the foliation being very rude, if at aJl davdoped. In 
its held relntiopsi the Bun delk hand gneiss diFTers fmrn ordinary 
intrusive granite only in the anonnona area which it occupies, 
Indeed, it may Ijc? regarded m » granite intruded into older 
gneisses. large patches of which it buF rerun I led. StihM* are 
as^ociAted with tho gtmma* very e-paringly- ry* hornblende-, tub- 
and chloiito^ehiats, H© interhedded morhios nr dolomites or 
quartzites occur in the Buiulidkhand gneiss, nor is there any 
development of accessory minemls in the mass of the rmik or hi 
t he pegnmtito-verna* BundeUthand gneiss is travurped by eiu-ri- 
■ive dykes and dlls of a ooafafi-grafned diorite, wlucb persist for 
long distances.. It i« also traversed by u largo number of course 
pegmatite-veins as in a hose of granite. Quartz-veins or reels 
(I he ullm-atid modification of the pegmatite-vciiish of great 
length, run as long, narrow, Pirated walla* intersecting each other 
in all direction*. giving to the buulacapoa of the country a peculiar 
feature. Hhoy iiilefseoi the d m inage-con rac* of the district and 
are the o&um of the numerous filial] lakes of BomldkhimiL whoso 
format ion Bouse q uuntli require* no further cxplnirntfon. 

Tlu:- tyjn« of gneiss ia also met with in thr Paninsit hi at several 
tO0diti^, Hint J“V rer^nbed there under various —iStfhighai 

gneiss (ai&G named Btllartf tjmi*#), Fiasur gnfi*s, Arrot ynrii #, Cud* 
dapiih etc. The oldest Ti**omenf guciaa of flcmto parts of 


I'MTfc IV 



I'LiL ui' i/iMMii., ml svm. (l .,npi 













THE ARCHAEAN SYSTEM 


87 


Itnjfm! ajju belongs Lu this bv( item. The ruck ts qttoczied ujsWm- 
nivclv for uni' as a building.sLone, and has in iho past contributed 
iunt'-'rinl of excellent < p»ili iy for ihc feuMin g uf numerous Irsiiplti* 
anil other ndlflces of ffoutii India.. 

(») ClTAHNitiiKiTE Stunts* This is t!u> junto given In it mrifaj 
of gmnitoii I rock? of ?vjui}i Jmlia, ocuiuring among tin older 
AiohiUMUi gnr-ir>> i and schists of the Peninsula. Tnniks arc 
«f vide prcvilaxoc in the Madras Slate, and rcmai.itute its chief 
hiU-tnri^ L 'In; Nilgais J'alnw, Shnvaroy*. clc. They aft) 
medium to ofHii’su-graujnl, dsfk-oolouwd, bustc hukjfljystdlino 
gnvnit(0idgneis«Si|»O' :i '' : ~'iiigftji.’]i a distinctioniLssnuiihhigeof potro- 

logical character* ami minors! composition that they are easily 
diftKinguiahed from the other Archaean rooks of the Famusulu. 
This group include* many varieties and forms which are modi- 
fication> of a central type (tlw CharuockJte proper), but thaw 
different vanetiffli exhibit a distinct " consanguinity " or family 
relationship to each other. Ffom this cJraii instance the Chur- 
Itookite grnnsses of South India atr.rd a very good instance of a 
{XjrograpMnil pwrince within the Indian region. Tie- namo 
Clift mock it ■" which WHS originally given hv (ho discoverer of these 
rooks. Six T. B. Holland, to the typo-rock present new Madras 
was, theiufom Mtemlad by him iCbornockite aeries) to include 
ill! the more nr less dowdy rcditUd varieties occurring in varimia 
part.' of the Madras State and uthur parte of the Pimlnsnl a . 

Pcttviagioal character *— The miiiwulugicnl elm meter* whioli give 
to these rocks their distinctive uhoractcts ore the almost con¬ 
stant presence of th* rhombic pyroxene, hypers thono or niHtai ito, 
and a high proportion of the dark forru-magnesian compounds 
which impart tu the rook its iuuiaI dark colours. Hie ordinary 
canotititenU of the rook utoludr Idito-cdourad quarts. plugioclojws, 
migjto, hornblende mid hiotit* wiib nireoii. iron-on* mid graphite 
as aneutotriee. tiametji »tv of very common occurrence. Hits 
present. in different proportions, of the above constituent# im¬ 
parts to tiu- different varieties n eoropueHio® varying from fui "om 
or intermediate hypmtbnne-granita (Chartiockit* proper) through 
all gradations of imireafting baftidty to that of the ultra-bium: 
MafiarlcwH rocks pvn senile - LV *1“*^ gravity and mhea 
content range from ;? «7 and 7n ,-r (tout respectively, in the 
nom.il hyperathflM-granito. h> «*» r.2 per wot in the 
norites and hyperite*, In jiytuMwil* the ajtorffie gravity 
riijea to 3-37, imrrra ponding to a fall to*UlC» to I® per ot ' nt< Them) 
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uJtnt-biuiio Ivjh'h nceur only locikHy oh nmall tarawa or bunds in the 
mure acid and commoner type* 

Thru Uus Chumoddtfei are of I In? nature of igneous phuonic 
rock**, intruded into I ho other Archaean jook-m^sstw, is beljwwl 
by mint? worker* to lie estubiifihetl by ihtdr field relation* and 
[no^st^r'ioii of features wbioh j \re regarded aft evidflnrar of inagmatifl 
■^gre^atiotl tmd different hition, protruding of dykes and apophyses 
into uurroundine frwk:^ tinci wcllxfeftfiiod eoiifrmt-motnujnrpliie 
at janotion* with other rocks. 

More recoit r sindlcs of cfumLockit^ slcc-tI the diKoorery of 

dm liar trdte* uf rocks in other partu ul the world for example 
Infarct ivu, Wwi Afr ica Uuaudn and Wqsi Australia have for 
hjsim- yptir? piLHt rab^d an ini creation tx>Mrov<?r*V with regard 
In lb.. -urirm id diamockiti-H Vredunhurg HiiggCfltod ill 1918 
thut the Indian dmmtidrifr& were fifth plutonic gneiwct- hut were 
metamtirphowii Uharwurs, Several other workers have id so ex- 
pressed thr viou that file riiujrnodtitaa are intensity mntftmor 
phn&rd rooky, and owe their eotoniou ehafBoteiistioi to an intense 
nterfanu/rjjhic Impress upon ruckis that were originally POtt* 
Jiypt?mtliattra T «n* tiuu ike presence uf hvpersthwe doas not nerea- 
warily prove tJiry wim jlII gttffl&fanlJy related to rmih other. The 
belief in growing (hut in Liny of the ubjiruotara of fduirnoekite are 
m he anerihed to pJutonio ineiumorpliism at high temperature and 

pressure at tfu'M depths of the crust iKutu vuik- 1. B HamaRo^. 

from tli- evident provided by a -indy of the Mysore rock?. 
ftugg£&t4 fchtit the eimmoekites an* e-Hcntiiiily reconstructed rocks 
resulting Bum reercMAllUfLtfciJi of rock* Unit wen- in part of ulti 
matt* sedlmcntury origin mid in pun c<f ultimate igneous origin 
{EuU IS, If J&Jh IMfi), 

Tho Clmniockti' 1 *rfes ift untruly roiiflwd to the Mad**# 
State mid Smithcm Imitii o$tending m far tin Oyfim; a few of 
ita typea viz. nnnrtfuwith* a mck principally eampufccd of hibr.i 
docile Ftdnpur and ohriw^fforrf*.*, are found in Bengal near Hani- 
ganj. 

Archaean of th& Himalayas -An already ftftid, the hulk of the 
high ratips of thr* Hiinalayuh forming the centred or Himalayan 
atonr proper In formed of ery stalliiit 1 ■ <r rtlHcWurpldc rocke. like 1 

granite*, piitndiTeH goi’i-^w. phvllih-rv und r+edunU, din* high 
idcm pi^krt of the • i-Mi f ■ I ii\in extending from X oigu Parbat <m 
I hr Indus to Kmiiidiii limwEi on tin? Brn)imt*put m linvr t % mile 
wtrnrmifc ^uiijki-smI ■.i rJsi-.-*■ rin'k-L. In iho complex, known For- 
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medy ft* t bn Cental gnsba* from it* occupy mg the central axis 
of the mount Ain-chain from ants extremity to the other, the 
rcpreflotit.fltivt'd ol the Archaean gndswrt of the Ifanlnsuk ate to 
be found, ft iit, how0yer p rjr.su known for certain, by the rc^rarebw 
of (ieneml McMnhun ami later in veafigatnra, that much of the 
gnfliiss i* of mtria.^sve origin, ami, thcnifrrro T of very much younger 
jigi? ll i& ftumd [nUwvB into the Farijnl Volcanic worms aj 
Berminn ngo in the Fir Efrnjai and elfinwhem; into tho JnrrtsHir in 
Chit raj i jni-i tbo Crwlm'noTifl fMNM*wr*beani]g Iwjdn in I lie Rum I 
valley of KnJbhrn rr ; and into t he Eoeope of Eastern Tibet. These 
granites have [m sard by uehs lining il folinted ntriR'tiire, 

wlnle the Anim^im gneiss proper has nsmimnd the Respect of 
granites, owing To the high degree of dynamic nitiMOrpiiJsia. 
It h ngiiin rjjuitn probable that a oerEinn proportion of the oanti lI 
gnflifla h fn ho lit tribiitnd to highly mi:tainorphu!<ed riiwn-nt 
(Pviratm) sediments. It is therefore iJifHruJt to i*ejnmite in thi* 
complex rhs constituent dements nf the Arefiafllii guaiss from 
gneissafte granite or from the oitf juuorphnsed aaiimenta of Inter 
age. The postulated Archaean age of the Himalayan granite of 
moat localities flspwia% in tha Kashmir mi cl Hoznra «r60S, re¬ 
mains to bo proved. 

The old view that the Central Himalayan axis is wholly mm 
posed of granite or gneiss, which also build the high peats nf the 
range, is not supported hv the findings of the many Himalayan 
expeditious of recent years. These Hiito tiliovrn That most of the 
peaks an the axial range of The Central HiriiJitayi*, Nepal and fur¬ 
ther uawL in Bhutan and Sikkim ere complet'd of filtered nr matft 
nmrpiiL^Ml MMitmentary strata -flJaten quartzites und cryoWUlW 
Hi* peak of Nangft ikrbat in Kushiiitr w sibo siim 
biilv built, OrtfiofcueiAs ami granite no doubt build the *ub- 
atfmtum i if i ticso mountains, but the peak* rising above thorn ol Ten 
um of eimtiilcil even uf fowffifeioii^ aediimnte, the peak of 
Ml. Evered 

There C gasoil to believe that the gwi.** nml granite in tin 
vicinity of tiiu antral nxJfi uml around the majority of tbo high 
peaks of il w Himalaya* belong to the intrusive tmtegary rather 
thmi to tbt' >>|d Archaeau foundation; they probably mark tonw 
of apttrial novation obnnoetoil with the wdling up uf acidic niogrun 
ill i;ortaJn (mints at tbo time of tilt* uplift of the mountains. 

TIki wMliimrntisiy AruhuiLH oomptfcx nf the Siumtoywa fe dealt 
with In the next simpler. 
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The ftystatline Cornet of Kashmir 

ThI* would be the beet place to describe briefly Hip s<« oulkd 
fcl fundamental gneiss M witflt intrusive gruiiito of the Kashmir 
Himalaya#' though iL is now elenrly recognised that only a part- 
of it. is of Archaean ngo. 

"Fundamental Gneiss " with intrusive granitea—GryHtalline 
rocks, one! srhiat*, occupy large amtH of the ST.W* 

llimalftyaa of Kashmir mid (Simla to the north of the .Middle 
FianpiH h forming ttou of the idimiladhtir, the Zannkur and 
thn ranges beyond in Ladtikb and Bolt-tuf^ii, TJiest: rooka were 
jiJI regarded auigntHiur and oalftd " Central Gneiss " by StoliQ&fcft 
and wore taken to }>e Archaean in age, Later investtgatiofls l.i im¬ 
proved that much of ;i is guriK-?, is is the ease with tli it of the 
Himalayas m a whole, is not of Arohoo™ age, but is of intrusive 
origin (us J km invaded recks ol vurioiiti ages at n number <if difFur- 
ent geological periods, Aho a considerable part of this otjmol- 
1)110 complex hag now been fciund to be of pro-Cambrian met a 
morphia sedimentary origin, forming the basement- on which all 
the subsequent geological fonnations rest. The latter have been 
distinguished us the Satk/uxta series in the Kashmir-Hazara area 
arid the Jui&gh series in the fciinda-Chfikruta area. Some affinity 
of setim with the Dhfliwart of HajpuiJina iod Binghbhnm is 
apparent; while it i« dillicuk or impossible to dens a rente the areas 
cif truly Archaean pneisH from the widespread lnt«r intrusive 
granites, the distinction of the mxlimentury AroViarana from the 
fimdamental gttcimw and the intniHiv^ in in general rccugnisnliln 
in many easc-H, The three ek-mmi* of the great basement com- 
plex of the 1 hm u I ay m an- tine* mixed up and may best be do- 
scribed at ihi s plfuw: (lj the mnUinorphowd sedimentary 
Ardioomtdi, ( 2 ) intnisive granite and gneisses of In cor p® finds, 
(3) remnants of Archaean granites, gnUuiLitoa, ortho-gneisses and 
schist s. Die presence of the latter can be inferred from the 
occurrence of granite pobbios and buuklers, ImmIs of arkose and of 
the widespread quartzites ill the Prilmuzoic ftedtrnmtfl. The 
tnie Archaean gneisses Itave ofien ftasiuiicd a coarse granitoid 
aspect* while owing to extreme dynamic meLmunrpliism the very 
much younger intensive gmiut^ have dnv*tlo|WfI a ipQk4i9 strue* 
lure. Foliation tktts Is not » criterion of age. 

Petrology—Three kinds of granite Iiuao been rooogiiiaed iu this 
Archaean complex: bniritv-granite, hornHiu ido*granite and tour 
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mnlim-granitr Of these the most jmevaletit b the ^irttito-gnoj^ 
or granite, the emu showing * quick IrnnHilion to thn other. The 
ruinjMtsif kilh u aridity [link tirthudasa is fnm, *> also is muscovite,; 
the bulk of the gneiss k made up of milk white orthodtse, ar id 
pUgfookiu^ with quarts! and a cnnepitruotii? amount of liiotite, 
arranged in ftchUrtogc or Itmtienlar manner, folia I Urn being fine, or 
amnfo, ox a I vent altogether. This mtsfc h ibe most prrvnkot 
Himalayan gneiss from Kashmir to Assom. It m often pnrphy- 
ritie. with urj hooW- plmnocrysU ^ mmdi >- 2-1 tntihe.^ 
giving riso to un nppnn-nt utignn *Lruntore. Acrcywifj mineral* 
ore not common. etwpt gntnet jmd ton nn a lint. Horolitfindt ■ 
gneiss is mu oil lefts roinninn* hut it liiuta rery onnl ir * Fracture and 
Composition, the hintito taing replaced by humhf^ntle. snmetidiKH 
not fompletelj. Spheno is a njinnmn tincre^iiry\ Both the? 
gneisses »m- tnivcrW by veinj ot intmaivn tour iri din ivgranite 
Varying from a fool to 20 nr tnoai- feet in bmidthi which in somft 
on-sea penetrate the ^mmndiijg s^dimentJiTy #Erat* aa well. 
These pegmatite and nplite Veins have 41 greater diversity of 
tuinoml compcwrtion than their hosts* oRvn mrrying niieh aci^- 
sorios os microdin^ oligoelfw-e. roek^rjpiuJ* garnet, Umrnmline 
(echori as well as the coloured taittuqurant varieties ruhdlitv and 
indJeoIitoh nititioovito* besyl laquamarinci. dvjor*par k actinollte, 
corundum. 

Xoxt to the gneiss** the most frcqitenl tmk b hiotlfft-ftriibt. 
pausing in Up line, thinly foliated, silky schists, such a* chlorite* 
tu!c% hornblende*, and muscovite -srJiisw. 

Tht^n rooks lire abundantly traversal by dykes* stink* ind 
11 ui^ses of hstiiie intrusive^ eneh aa dolcrite. ^pidlorite, gJihbru, 
pyfDmnitCj etc. 

Distribution With regard to the distribution of the gnriwsie 
rocks in the urea. the main cfjvtnlluip dcvolopim-nt is in ihe north 
and north-east portions, in the Zanskor range and the region 
beyond it. in <digit, FWtltftan and Ladakh. wluJr in the rouge* to 
the south of the valley they play but a ?uWtlimit* part. Tim 
ecru of the BhauJadhfcr range la formed of thew.- rocks, but they 
are not a very (XJJwpimwU* component of the I'ir Puiijal range, 
where they occur in o number of minor mmiaion*. Thu trniiSr 
Jhelurn oontimiatioii of thia range r known ^ the Mm ^ JUjN Jt 
larger development of the erystnilip.c ente* A broad nre^i of 
Kblitwar ia also ocoupicd by tbeac rock* whn h cotitinuu in forca 
eastwards lo beyond the valley of the It i* From the dr- 
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eutiiM-irtcca nf ill* 1 pn>niiiiei*t ilrA^Jojjnirrin **t tbi" i-tjMrtlliiM 1 mp* 
in thfr Zannkiir rjutgi h . in npitflmiity with fhr cwtLntl Jlini.'il.'ivsui 
incus, that thfj mugti i* rajpwtlpd n> ttir priiicipui tfunliiiiintiim of 
the Great Hirmituj'n chain, After it* hifumitHUi at Kjuigti*. l tu 
other brand h, the 1 "ir Funj&J. is regardr-d only ji» a minor chflAhoot_ 
North of t he Zawskar i he nuicrop of I hi trf) shJIine ^riea Ihwomm 
very wide. tmQowpavzmg fthawt tbs whtdu irf the region up Ut lb*- 
Kjifuliunipti, with the exception of * Jew K^liiiiiuikiry tra*:P.^ in 
^ntrui and sauthH-'Atft Ladakh. The Utrgi^t oectirmire id Uom* 
hleiide-gnimte ie in thy ipCHmtAittS betfre^U Aatot and Dtosah 
Its jK^tXVetAccou?* aye in definitely provr^I by if* infrusiri: eoia- 
tnet with OrhiteHwi limestone it the Bnml Fass (11,000 fireU- 1 
ToiirtiiJih tie-granite eb of relatively fitilntrflhwto ntfliirrriiiN- in 
pegmatite veins* 
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CHAPTER |V 

nYh 1 [{wtiAf.) 

Tim |iH YHM' E \n SYSTEM 

[nLroduction- In bhk ehupirr mv diveriJxd r.ho mn^t um-ituib 
m eUmo rphoeod wdiuHBitun nu'fc-ayxtonti- nTljidin, ns .tlrfji*, mid 
ill ^jiiitncnsv : r"(itfl 5 r thnrTniie biwnir-ui gntniise* and splimt-j de- 
j«?rilvHl in tlii* Jnh|. t'lin|itpr, These sfdinifnt«y Arfhiu-iuis tti> 
grouped muh-r lln; name of IHiere-ur .System. Imt the difiennn 
id luuiii- d<s*s nt1 1 , ill-rdifl'rirrn't' 11f systoniatir pi>-idon i-i-nr 

dtn||r tot ho commonly itemed interpretation. during the Archaean 
I'm I ho meteoric rondit irinn of tin- earth .ip|jear to hate been 
olinlining gradually. Wo may *np]iW‘ that tlw di-ereusing tom 
pMltiihs, dliO to ii i/i tun ml radiation, condensed moat of the 
vapours tli/I/ won hold ill tin- think primitive atmosphere and 
preuipi Uted them on tho on rth ’» * urfaoe. The condensed vapour* 
eotlfciled into the hollows mid corrugations of the lithosphere, and 
thiu gave riBe to the (trst-furjued ocean. Further huso of heat pro* 
duegd ouiofctutatinri in the original hulk of tint planet, and ns the 
oittor crust bad lo accuimnudate itself to the steady diminution 
of the ioh-riur, the tin*-formed wririkht> and inequalities h oca rue 
more and moru accentuated. The ocean* In-can/e deeper, and 
tin- J;ind-nuih.-ios, tin- 'kotHrms of the first continent!*, itw mot? 
flit1 1 mors above the general pirfiicis ‘Jlie outlines uf the win mi 
canttaenu lining thtw rptabltehrr], the g&okgfcttl egtmk of rh- 
tuidatbn cratered ujfl>n Ihmr work. Thr wwllurnug ofthir fimrtrrEe 

Archaean giieisspvt ami *chi*r.* yielded thr tarheat ^liinrut* whirh 
w+ru tkjjKHited mi the kwd of the ttvn, and funned tho oldest. *edi 
mmtnry titmta, known in thr geology of India iv* t Sk- Dburwar 
Syhtflro They nm often so motaintjfpho^d into ficlira^ itnrJ 
guefe^fti that they are indi^rnigiiiidiwbk- from I hr primitive gn<?ifc^ 
utid ftfihlgfjg. In fuel, at scvirjd hrolith s mdllbitahlo Dbarmu 
Rudiments ato found to bf older than mine ortbpgn^i«eei? and 
flflhiit* with which they nr?- iisM^yxtod. 'Hi * 1 nfofw is only a 
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purl ini definition of llm term Diuirwar aystotn, whose esaei limUs 
anti retiitioiii! with rrejieet in Ike Archaean Ipw* are not 
rot fully under-LooiL In tbt present chapter the term im.nrwar 
Sytfem b used rut anonym on* with tueUmorpliOBed IrehnoQn 
sediinrtitp., and indadiny all the sehiatoae series Mow the rp- 
Archttcfui unconformity. 

Tlii^r* sedimentary strata apjwar to rest over the gneisses at 
some places with an unconformity, while at others they are largely 
ihterbcddetl with them, and in #omo case* are of undoubtedly 
older age than some nf tin' gneiaMa, Although* for the greater 
part, at least, of undoubted ^edlmenlnry origin. the Dhunmr 
atmta ore altogether imfi ttdll3ttOd£ a circumfl lance to 1*0 B.vplftiued 
M n-moh by tlt- ir exfrcimdv "nrly age, when no -jrpniic beings 
iwopled the earth . ;*« hy the degree of irjUSamorpbwm they 
have undergone Uje eomplrt folding* ..f the cruel in wliirti 
these rocks Hr vr Muii [m'nlviyl linvo oblilorn.li-,1 nearly all traces 
of their sed i me ht a ry nature. ami have given to there a thoroughly 
iTTstalliiiT- and achisUwc structure, hardly to he distinguished 
from the underlying gnewtrs and whists* They are Insides 
oxtensivdv Intruded by granitic borers and veins and shoots, and 
by an extend** system of dnlpritn dyke*, thus rendering those 
rock*masa,.'.“ still more illffii ult of iilflltiliistiofi. 

All these oireunieUiiKWS lm*e led Id the sedimentary nature of 
the DhaTwnr rocks at ^ vrr/il Aren**. nntahty of Mysore. Injun. 1 
doubted by H.mr legist, who regard the beddinl schi*!*, limv- 
ntomre and aonglomf ratre u* nf ignectU* Origin, the conglomerated 
having result*■■]' frtrn the aiit'itiliudic > trashing nf quiu tz-vohns and 
plutonici dykes, FHd *wirk in My-i.ut has iudlt-uli-d that ijuady 
of the subjacent have intrusive relation* towards whit 

were previously included Attlttig the Dlinrwai* Mid are therefore 
vounger than them. f 5 11 1 .^ii:h is not ttQlvpMIly the caw, aiid 
during the last few yea re th- -ttlLmentiiry nature of rmiriy terrains 
of Dharwar rocks hits bevtt demonstrated lieyond dutibr. ! 

Of late there hna Iwn a tendency to discard the term JhuirwAr 
nmi tn rlroignata this system hy the name Archaean. 11*r use t> f 
l he term ihuinvptr t-> cm I t iM' all th ereat Kcdini.ni ary ay menu *, 
nitlier usnorifttol will) nr tin fitU<L»mitli*II kIm .ji l p n 1 

gfreirete~ of Tndjii, urn! separated frem the" overlying Purrtnn hy* - 
tnnv, l.v a pronounced eparcJmcan iinebufonnity . areiih muironri- 
ate and has the sanrt mri of long usage. In one of f he hcal-stitdird 

■ A, Ti mm , fLan. tttwnle, ,V*wrt fAwf. /At|V, Vul. ««iv, tf3fl 















THE DHARWAR if VOTE tf m 

Arduiean pttmnwa of India Dr. A. M, Horan has proved at Joust 
tWri), Dhfl tlirew, Ovclew of Affiluuwi hf- q 1 i >n inifjifY 

dfijMwU, eeparntcd by import am. tip^nfonuilkiH, denoting periwig 
of dimUTtiphiana, erosion and pencplajunion, overlying l.koEimdci 
khaml piioiga, Pheoe clootie Art-hurctn !t>uk-forinn lions of grout 
thickneea an d extent, reposing over un older gnefesjo floor, iteod 
a distinguishing term to separate thorn from the igneous Anihaeajid. 

Ttft lithology of tbe Dbarwars—The rooks of Elds system possess 
ihf most divorce lithological diamctcra, being a complex nf ud 
kiuils of r^b—elastic wdimonta^ obamiealJy prempltstod rcxiks, 
vnIconic and pJutunic rooks—ait of which gcrandlv shot* su iutmiM 
degree of metauiiorphteTn, The principal ty|«w have been th 
*anbcd in thv. lust chapter (p, tfl). No other system furnishes 
Hiich excellent material for iho study of die v/triouH aspect* and 
degree* of rock i nctuiuarpiii gin. The r nek h are often highly mu la I ■ 
lifrrtui*, containing ores nf iron &nd inuii^inHw. oteasiuiuitEv also 
nf OEJpjw, lead, iuic| gold. The hulk of tho Ktidb of ilia system is 
formed of phyHites, eduste, and slate* Thetis arc humblendn-, 
chbritt L - i haematite- and magustfteschteu. Mgpattdt! di-hhta; 
quartzites und highly altered volcanic rocks, f rhyolites and 
amteites turned into horn blonde ^chiste: abundant und wide- 
ujizuud granitic mtruaioiu; urysialtine timestones and marble*; 
sorpentinous marbles; steatite masses; beds of brilliantly coloured 
and ribboned jaspers; ami masaivc beds uf iron ruid maupme^o 
oxides. 

Plutonic intrusions—The pi atonic ininiriim* assumed to be of 
0binnr ago are copious and of *mod oluiraotera; they haw 
piven dm to same irrterastinff rook-types, eorua of which have 
already been described in the Imt chapter, m> uepfsRiiiie-byunties 
of Rajputejia. differentiated into the ebeoHtcHrfaziite and sodalitev 
syenite of Kishcngarh. which osny the beautiful mineral sodalite. 
Many of i.he granites of the Dh&rwor system art? lourm&linr- 
gnimtea; among cither iul.meiTea are die quartz-porphyry of 
Bajrputonii, mid t ho d unites of Salem. Hue pegmatite-veins inter* 
seefin^ some of the plutemaey. are often very courae, and, eapdoiiltjf 
when they cut through luloaHSckiliA, hour extremely large ory state 
uf nuracuvito, the cleai-jigo sheet* of whldh are uf great aoinmaroial 
value. Such is [laitfoulariy the cane with the ntiLia^ckisia of 
HiiL-mbu^h, Ne11ore r and parte of Itajputfitia* where a largo 
quantity of mica is quarried. Beddeu muscovite, the pegmatites 
carry j-cveru] other beautifully crystallised rare Eiiiucriite, 
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mtHrtttffn****! i-»huubii<\ pirehhfeiidn. gadnhiuft* uirberrdir-. brrytf 
idlaaii*. m mar-ski to, etc,. 

ll«o mil hi j*Ihh lie considered the curious grpmi nt m»ng*nifer- 
um crystalline fimeidum* of Xugpur anti thhindwarn dictrict* 
of Madhya Pradesh, originating by tuetasoronriam of gnufe^. 
iiiiU&iiinm * wi l !i in morals a* piedmont itr (Mn-epuloteh apcssariitc 
(Mn-gnnn'tJ, with Vm pyroxene, -lunpiiiMe, -spbeno, etc. which 
have given rise. uu subsequent. alteration. to some quantity -if 
in an gy new «M. Ae niwitionctl on p. SSj these crystalline- limr- 

nes are imftigtinl rnmnw mode of origin. Fetibot hM shown 
ihi-m to Is- don in the ipeta-somMio replacement of Archaean - ulr- 
gneisses- .md yjtldpliyres. which in turn were themst-lvee the pm- 
duct Of tin- regional metarnorpliLsnl of highly calcareous and 
manganiferoUft sedimenta . 1 

An other peculiar ruck ia the Jlt-ribit taiuktom of Jind (Knhana). 
The rock wi» originally formed from the deoompaeitkm of the 
giM-isht-s, anti JiihI a certain proportion of felspar grains in it On 
the Hditfequeut degQinpuaUion of tin- felspar grains the rock 
became a mans of Loosely interior king grains of quartz, with wide 
intctspaci* around tln-m. which idlati a certain amount of lle.vt- 
bility tti tin- stout 

Outcrops of the Dhonrar rocks Our important peouliarjti 
regaiding the mode of occurence of the Dhorwat rocks- as of 
gi-wtrallv all other im-ummces of the oldest Bodkoeot* that have 
■ iirvivnl up to the present—is that they occur in narrow elongated 
eyndiiml nutarops aiming Uw ipudmio Archaean#—OB outliers in 
rhcio. Tills toolonl* peculiarity is dun t« the fact that only 
thdceportJdiW of the Ubarwar beds that wore involved in the 
troughs uf drep ivncliiwl folds nod hn\ e, consoquentiy, revived a 

jncntdt.il oT I'inipri ..ire preserved tin limb* of the syn< lines, 

together with their ConnOfiliugmificliiLul tops, having been planed 
down by the weathering of age*. 

Distribution of the Dharwars—TUi- Ubarwarian locks are very 
r lonely aHBoeiuttd with tin) gneisn-s an. I mhisLa, described in tin 
lust chapter, ill many part* of tin* ]\-nii«sulu, Tin- principal es- 
ponm in tlrt- Peniiisuln are: |t i Southern Decani, mduding the 
type-area of Uharmr aad IMItfy and Hit- greater put of the 
Mysore State, rut ending Muthwonl* to the Xilgiris. Madura and 
Ceylon; (£) flu- Dhwwor areas of Carnatic, Hiota Xagpur. 
Jabalpur, Xagpur. «*«-. wri»*> thow of Bihar, Hawaii and BAzari- 

* Ike, volt *xxiil» f*. 3p 
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hnijjfhr ('U Hie Vtavalh region, "xnimling i_- fur northward* as 
.rmpiir, and in it& wiithum i^tromity including nortti Gujarat, 
i n thf'oxtm ^rxbipiihi the I >hiii wnr system h wdl tnprwentod in 
t hi- Himalaya, both in the rtmlnit and northern Bones, well sis 
in flir Shillong pin term of the Warn range*. 

in the fallowing pages *urft* important dordopmante of Artrti 
refill mcks nf I, he lihrirwar f*iiua mot with in aix r^giofus are 
d ascribed. 

B J JjMiiiv its [th* Tffpi^inal The rock* neeur in ti 

number id narrow elongated b&Tjrtuy the IniMuiih of ofi 1 flynohmid, 
extending irntn i hi- gottbhnrn margin of the Dcccan trap* to the 
Cjiu very. T he general dip of the strata is toward* the middle of 
the hand- 5 . The mnetit uont tmk& AP i 1 1 uni blende- r chlorite-, i&h> 
*chifitit 3 together with states, quartzite, mid conglomerate* and 
very ch&metcri*! k brilliantly h^ndfeii chert h; theae mrkft are 
ii^i-pcinreiJ w ith vnrioiwi lypCF of orThn-ipieisH* and pchist# Find 
Iftvari of di critic composition. The Dharw nr slates exhibit nil t.hr 

intermediate stage* of nieU morphism tana.TpEririii} into schuits, 

n'z. unaltered ^Inte^ rhWtnlite states* phylkTo imd mioo-schiata. 
Jfltmorxms rpuirtz-vrim. nr trefs traverse the Dhnrwiir ninks of 
the^e area* Hume of thosw are auriferous and contain enough 
disseminated gold to support aermo j^olcJlic-ld^ The principal 
gnid* mining centre in India, the Kobr Jidda jn tin* Mysore 
State* i* *i rented cm tho mitcrnpa nf some of these quarto-veins or 
reef*. 

The i^harwar .System is rery wrlI developed io the Myaore 
Slat*’ when? it faring three halt* and serend narrow strip* und 
stringers ewering an nr on of 01KH1 *rptftT0 utile*. It ban been 
intern*! tidy studied by the State geological DftpartmevitJ The 
older gimp of geologists, led by Jk VV K. Srm rth. hold the vie* 
ihat the system wo* entirely an igneous format rem and contained 
no clearly' recogni-tahJo sediliHmte They regarded all the oiya- 
riElinr sHiietu so I ho I>hnrwnr&. and even the Typos like eon- 
ghjiiirnite^, quartzites and timcgtnnea found there, m haring 
originated from seTOce nnwhing end < -.m-me nlierrirjrai mui 
iiiodiiicatEnii of vurmu* types of arid nmi bask rgneoits r«^ks. 
All the conglomera te were held to he anfOldnstin in ■ rigid; the 
qiuirtzitcfr wen 1 regarfhal an the eru&hviL phnsr s of folniU -t and 
rhyolites or vrinn|iiam; itiid ihe limeptones a^ highly eideiliod 

l ^iipai par lymt^tr, flock* qf /pi^upn S<-\nrru-* f 
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|)haK4 of decomposed luiaic votwuiic rooks* or ojeta*o(iifttic 
nipItKDienti of seliiitoso acid itniroiUi rooks. 

In lend vo Edd invnstigiitjoiis in ttK*m years have revealed, 
however, at wveral places in Mysore, remnants of u intent bedding, 
ripple-miukL'i -i'li.! I,, liilin^ nod similar otlnjr structuros which, 
though i iI.pu’5 1 .'rvtvj T «iifLifd undoubted proofs of sedimentation . 
Sevnral of the types of myabdline wdiista chemically wiatywd in 
rwK-ot years als^ indicate dearly their sedimentary origin. The 
rmriotix typos of orystaCfne teaks in t lie Dharwar System of Mysore 
thus have been grouped a« ntidri: 

(ay Volcanic rock* cuuaisLiug of nitomd acid and hiisio Javn 
flow?, sills, sheets and dykes, Uids and agfidomcratcti. 

fh). Th^cryirtalJhiv schists und gronuiltcft which form much the 
forger portion of tie Dhnrw aru of t^un are made tip of several 
types classified chlorite-schista, mica-schists, horn blend o- 
sehiiii t |nd ti'eniuUtC’acijiioliit'-iMihitita, tonether tvirh irraiiulit.iiT 
schism containing hyimUc, sfflimanitC- Bt-uurolito. cordicriU. 1 , 
graphite, garnet and corundum Qumicul examination of these 
nicks hrts shown that the dark bonihUnide-iiehista and trcmolite- 
no tiiioli to -schist* hr* of igneous origin, and Borne iiiidn-flchifitfi, 
ohbHte-sdiiflta and the granuMtic schist# containmc kyauite, 
stauroUte and othnr highly aluminous minerals are evidently of 
sedimentary origin. 

(c) J Manned Sediment* The® form a comparatively infill 

proportion but are specially interesting on account of the pro* 
longed controversy they have rniwd regarding r heir origin. They 
form conglomerate*, tjuartdtoa, frrrugiiiOuB quartzites* phyUitiJs 
nxid liiucHtonfsi. Most of those kiwi* proved to Le definitely aedi- 
mentary in Oligin (.Vjrswr* Bull No. 17. I8'W). 

(d) . iluflii- and t itrolmsio Irdni-ivoa—lo the centxol anil nor¬ 
thern parts of Mysore, mo.-eMS of coarse diorite* and epidlaritM 
ore found intruding thr- achiss*. In the -outhom parts of the 
State, pvttmeniU* and paridetites an 1 intruded info Mm basement 
schists. 

Since the apdimmitary origin ’>f tlm conglomerate eatab- 
liidied, they have lumti nh-em-l U. fall into two well nun3«*d 
series occBpviiiC different horizon*, llu*?us iwn ■’! b-i.--i] 

conglomerates within the Dltunw ijfiton <d Mysore have tumbled 
them to bo ckftdfmd into thm* wMttioru forming upper, middle 
and tower divisions. According to Kama Kao, the lower division 
forms mainly a simplex of vnlemiic rorkb; the middle division i* 
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essentially u sedimentary group tdth volcanic material and in- 
t rtu led pi ii Ion ip racks; tins upf«>r dividmi in also wed irmrn fury, 
composed of fcmtgmiMUi clay* mil sills. quartette* and con¬ 
glomerate*. It Is a peculiarity of lint Mysore Dhnrwara that the 
grade of iiiftaniorpIiiHiu show-, a pragn-aive mcn-aia- to tin- i-outh. 
The three-fold division meutionwl shovels, therefore, recognisable 
clearly only in the northern parrs nf Ihe Slate. 

Correlation of Me .l/ysore iMariwrrw — Tbi> correlation of tin- 
orystallmo del lists of Mysore with thaw found in otln-r widely 
separated lifinru nr arena of India (given hi n lahle <m page 215 ) 
is yet provisional. The AramlU system «f Kajpiitana with its 
southern continuation. the Ohampun -* s-tricr nf Gujarat,, the 
t^wur, Sahuh ami < flhni atii -. of Jfsdhy.i Pradesh ; ihc 
Iron Orr. if.rir.A and Older MtlamorjjAirr of Itiluir and I iris.-m ; and 
the K&oadalites of the Eastern Clou- and * wlon arc all more or 
less similar in tlwir ^neroJ IilIii>logj<.-uj diameters Mill im-tumor- 
phie gratlu to the oryntaUine schists .jf the Dharwor system of 
-Stmilium India. Ir is, however, In ki< lhal most nf 

these suldstoee sortr- fall into bujib limn tine well-deliintl division 
separated by profound unocuif>iruiitie» covering Jong mug*-* i>F 
time. 

-■ RajUttaKa- Rocks which may ho regarded ns holonging to 
Llie rihiirwiuiaii group occupy a wide surfccv ex tent of Raj put «im. 
tioiLstit.il ting tho vast system tif pre-Csiuhriaii aliment a desig 
flntoil as the ArtivtilU xtjtUm Tho results of a. ootnprehenaivti 
study nf this ancient sedimentary system, which {* srjMtmfcd frmn 
the oldest Parana system by u hiatus, reprinted by one or two 
profimini uocoiiformitiviv have become available. 1 Tin- relations 
of the Aruvalll system in the dilfcmil part* <d I (aj pul aim are 
ihown in the annexed table (page 101), 

Aravalli mountains — 1 Tin- type tuck* are exposed in a very large 
outcrop in the Aravallj range of Uajputatin. 'J'his, the most 
ancient mutintaiii-ehain of India, dame into tiblfiim at the close 
nf the Dhnrwor sa. when the sediment* that wen deposited in 
the wiut of that age wore ridged up by an upheaval of an urugeuiu 
nature. Since then the Aravolii mountains remain tid the princi¬ 
pal feature m the geography of India fbr many ngi'e, js'iTturiiing 
oil the functions ufa grant mountain-obirin and contributing I heir 
**dltuvnte U) many deposit* of later :igiai. Erklcurv wrist* ihnl 

v A. M_ J|r-fi.iji r %T)ujjaM *jf J.'J RjajjxjLmeu*, IVflftp, Astf, 

Jnit, 6 ! n, ind. vaL i. No. 
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tiu* mountain chain recta wl renewed upheaves during | th* early 
Palaeozoic ami wm* ><f fiir greater proportion* in tm-T times, and 
ibnt it strefnhed from the limwit to |K»h*t» h.yuiid lhe1mnt.fi or 

the Himalayas, . 

The AmvtilU. mtigr, murking tin* ~ite of one of the- oldest (tnv 
ayndines oft ho world, i* -till Hie m-i distinct mountain ren«? of 
the Indian iV-ninsuhi. wilh summit* of KW to 5000 feet. It was 
|K in‘jilmi« , i! in pre < n-tawmi- time* hut h^ now been (liKHOeted m 
the cent nil part, large imeu rif wostWfl lUjpuhmu remaining « 
wuenldiu. Structural l v it i- a «bw?l> plicated ryndiuGnmn of 
rodo, of the Arevulli and J*«u *pHHn^ 'he latter fomjiug the 
oom of tlie fold for prime 500 miles fn-m Iklki to TcIllj a \ a ^ K - 
S,w. direct inn. Though the M<wlh-u.-t dank of the sync! morn tin 
in a straight hue. them is m-eiiirh-mc nf m fault then:, fhccarting 
e^t bdunrlnrv of the fold, on Hie other hand, marks the line of the 
Umnt .Boundary fault of Kaj(Milan*, which brings Uw VmiHivans 

against Aravulhs and BuniBwlWmrf pws*- 

Aravalli system The Itliarwa rian tuck* of the AnnalI j regio n 
form ft brig and wide syncihu■ ig naTm t he W inom .iclnstoee 
gncisse* ftf KltJJilitann, const ric led m Hit? middle. Heron has 
vlwwMfedthewf rock-flmu[m int o two pent pro-< umbrian ayateni s 
nr pn ruled hv Ti finminwl regibiial miwWormi ty—the hi wet 
division forming the 33 *!/■«'w ft™* «1'F' brining the 
RaiaUn#na> 

The lower, Aravalli system. is <* vn-si formation, aggregating 
over in.mm tret in vertical extant. .snnjn“wsi >.1 l e d quartzite*, 
mndowerates, shnW, slate*, phyllit- and rompnaito guei^ 
It mats with s great. cnnsional unconformity on the finely schistose 
and bunded gneiss (HuudeUthand gnei;H Its metumorphism » 
variable. and there nre i*ipwur» uf silmu^l unaltered Archaean 
shales in one part of the outer., p mil welt highly tuetumorphose.1 
rooks u.s homhlt itde-sihisls and whbkwt euaglomtiraie* miimdlior. 
Tile actuals iiudmlo numerous secondary ahinimnsih and u*l«wwttt 
eJlfcotco, <4/. andolnnte, uilliRumite. «aufofrfv auil « great niiuvv 
j MiwiatK At h few localities the Am-vOBI* include tittle* of copper. 
learJ wid /im with trarw of nickel ami etihfdl, Hranit*'and 
amphibolite have intruded itt many pine— into the ntftt«5 and 
phi Hit- - in the form .if veins, nftenfU'd with 0 fahoote of quartx- 
veins and pi KinuIil^ Lit-par-tH injections of granite in stilly 
meks have given rin- to cprOpmat** gneihscs, 

scries. Delhi system —The Baiftltn*eriv-s ‘-.itiK-s «Uivw Hie 
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Ar^vnllis with u pronounced iiufjatrfbrmity. Tbw «eim in rich in 
crystalline iinir*i*ihtt* p Raaodittod with t|imrtaitafi, grttn and 
schi&hjw rocka. The famous Htikra tut vrUtfbU*, the *onrra of tin? 
maturini for rite rdebraUttl Mogul building nf Delhi nrid Agra, bio 
a product of thia rtKjk-serhr. The? fUitilo> an- succeeded in the 
northern part of the Aravalli^. after another great unconformity* 
by (ha system id quartzite*, grits and ochistoad rooks coastitutbig 

I the JamtitiA Ridge of the dty of Delhi. Th ree form thg Z>dfl» 
km The Delhi HVjtero id now regarded m of Cuddapuh a nd 
j* Vk sorilwd -on. p. I II, tlh aptor VT niTTprjfr ^flflc jn tilinipu tiyni jf 
the "AravaiJi strike'to the interior of die jilaitifr uf TTie Punjab, a 
fevr’ amill straggling out Hera of The -!tinir j jwck-tfriesi urv”fEinui T 
composed of ferruginous quarto-lte and Aatv, together with a great 
development of rhyotfticr lava* (Hatani rhyolites, p- i B0|* These 
outlier* oonatjtut*the fow, deeply weathered liltb-knom tw Kinitia 
and Saugb, lying hutweem tbr -Ihdum and the ChousK 1 

Features of grrat interest m tlie study of metn morph ism mwo hrmjght 
to light in the survey of the annumt M.iiinirantary systems of iUjpitfuim 
fidiistow and bamhd gneiss* tu iJir At^vaUi* lusve been tastd along 
liientrike Into rode* still in the condition nf fnMttkutlJy mkiltjtred dttdr* 
ami (dates. By tlio injeetkm uf yraniUv mdinimUiy ruck* have bum 
Liomertod Lnt-o banned composite goaisaefl on a kirgo scale k which icsuy 
easily be mistaken for orthognciisses. ( 'omjiimiliTeiy newer eodim^lits, 
€. 0 , p iff thn Delhi system, opeuning in the centre of the Byndjuicinum of 
the Aravulll strain, evince a higher grade of melnmnrphSsm &n4 fee tonic 
deformation limn tlm Arru allis mt which dioy mvl with a grant hiatus. 
This aniHJtalnitv mctmtifirphisiu of n newer Herbs# is otpkined a* due to 
the finri that tin? Ddlki airs la bnvi> been Lurk^J niure deeply iu their 
synclinal roots and therefore subjected to more inlejLse pressures and 
intrusive action then the underlying AnmiUie which dank the Delhfff* 
Dr. Ilefuti haj observed that lEie AravaJli* of Hujputaiin are 
analogous to, if not cuniemgHirEinE*juM with, the Ulianvarc of South 
Iudiu T and baft suggested a very general correhithm of th«d with 
the Dharware ofM&dhyu IVad^h and Chhufu XugpJir, and tin? 
Margin fledcs of Huntsn. 

One ftutht-r outliir of the VravnllJ but tlii« time to the 

south-wi^t extremity of ii$ strike, U found in the viduity of 
Haroda on the aitf' of thir uncienf dty of CbkmpAncf. It ov«r- 
spreadH a large’ umi of uortbrm Gujurat imd m known as the 
CAtfmpqtftr The com|miUiiLt rooks am quaitiitei*, <xmg£q- 

nn k rn0.gi, ilitto and Juncatonra, all highly metamorphosed* A 
1 it*? vuL ^Hii, pt 3, hiIX 
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preen And Euoti li I marble nf exquisite beauty m «ptarried fnim 
these rocks near Moi spurn 

3, Assail The ^Aif/urny *eW« which occurs within * he- A**nrn 
hiltfl is a group of parallel deposit* which mny hr mentioned m this 
place h Us n widely tfcm loped formntipn, wm^ting of ri thick 
eerira uf ipiamiteF Ante* and achlsbf, with musses of granitic 
intrusions mid basic bit ^bedded imps Tho HhiLUmg series i« fur 
1 ho greater (nwi of its extent overlain by horizon tally bedded 
rrctaceous sandIstones, 

MaMVA 1’fUftESif d 'k^traIf PufiviM’KM?, Tin 1 I > hair wain mi 
Aygtam eovera large connected Eire** with in Madhya Pradesh and 
Bilmr spreading over Butaghn! Nagpur and Jabalpur din trials, 
mad over Haaaribagb and Rea &h» fu fcbeec areas it poeaeawa n 
highly diairtioLemlk mctaliifbfoui* furies of deposits which lias 
att,raked a ureat deni of attention lately on Account of the orm of 
ni align nese flfljd Imn aa&Oolatttl with it* The lithology of the 
pburwar* ilk thorn exposures Ls very varying, hui each outcrop 
poomiaca a euiTieifiiiL variety of its peculiar tonk-tgpm to roveaf the 
identity of the system. The Phnrwitrmu rocks of the Nagpur 
Chlitod warn ami BJumdum district* of Madhya Fmdeah Imve been 
named t hf tiuumrAtri&s* They ccHlsuri of grooulitcs, CnldphjlBS. 
■loloiaitic marble cn WiLictihir ly^rintkm with micm-eilUmAnite 
qtutfta^cb i«ts, dm [midi ten, hombkaide-*t.-fusl, ett\ Tfi£*e touk£ 
carry Important uqotmimc deposits of mnngani^aHjrm The 
fca iHuir hit* henii milidhideJ into stages which have at wide 

geographical uxtcnL in Madhya FnideHli and emi ! hereforu be com.’ 
tated id d&fniii outcrop* of Use snrie*. fht H series ir Ijugalj of 
nqueoUN i wiimim ijiiinn t I nil HnliNeipientE 1 . l! Elu-- been inHumi>i- 

pho^ed and invaded In' add -uni buslir plutomc rock-in a"Hie 
StUxtU serif* of Urn more KHjtbftm jMirtionx nf Madhya Prudish 
efiiudstiiig of leas altered slate*. nhlorile-whists, jaApffitc* an d 
Inienmtitiu quartzites. is probably an upward extension of Lhi 
yjikiaan>. In the RiiIagLmi Jiirtiiet, and prubuhly sunn? other din 
trifU. thi’ locnl fepTOseiitativee of the DJiarMiiiM an? diatuigituJuMl 
ha lhe Vhilfn ‘‘tries, from the Cliilpi Ghat; Gu-se rocL> include a 
gnmt thirkr^^ of Uglily disturbed *hktv* and phyllittii. with 
quiirtiitr .mil bWe trapp^iiii jutrariun*. In dubulpnt thr no temp 
Lt diAtillglliAlkeil by Use or- UEttUie- - oT [iH'ii'ei tjy eiy*ij||Ili|e ill do 
liiitie 11 filial fine- flu fa ihii a-- " m.'tcl>h-i ■'fk- ' nf JnliaJpur in 
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the Stkih I'tit gorge belong to this system,* in other parts of Mad* 
by a Frudnsh mid in Rewah, and also some plaices gri ihe Bombay 
State (iVntb J!filinb*) k she f^xposurw an 1 dmtiup^hof! by h 
ftcJJy inimgaiufepiuH frtm^ auiI riming huge deposits oJ workable 
iiiiirigan^ 1 -!!^ !Sir I.. Fermor hth* given the minae fUawtitf writ'* 
Mi liiesy rocks, been use of t heir roiiTummi:. their ehfiriietcrisrk 
member, u sfie^sariite'quBiliZ-.mrk, to which he hr'itf given t Ej^ name 
of (fotwiit* (j> si ), Besides ape^iirtite, the rock contain* mwi v 
other manganese nificatew; it i£ lli^ detxunfHj^itmii of the*? man¬ 
ganese *diejitea that has given rise to fhe enormous dnp**iw of 
manganese-ore* m those oconrronoes id" ttie I huarwar awtem. 

MaiigJinifcious series in Dhsrwar system, Gamlitr series— TJin 
origin of these rook* is interesting. According to Fcrmof ihey 
have originated from the motiunorphi&Tn of sediment* deposit 
during Diiiirwnr tune* win eh «v- b>- originally partly mechfliiifuil 
al»y« and sands, mud [i&rilc ohtnnicid predpitaic*—dhmfty of man 
g&ncae nxsLies, The game metamorphia ngefide* that have ron 
varied the former into gluten. phyBlto* and quart rites have altered 
the tatter into ervNt all inti manganic ns ides, wlrnn purr, mid into 
a number of nuingiimw dlitiate* wiierr tho original prod [bistre 
were mixed with clayey or sully Impurities. 

Outcrops of the (hjehLUc xene* fire typkmJJy di^vvfopoil in the 
Bskghat, ('h hind war*. mid Nragpur d strict* of Mudhyu Fnidrsh 
and a few IminJltfc-v in Bombay- Madhya Bhurttl and in 
Bnnjiwent in Rajput mini The same authority reganli ihe insit- 
iifutK^i. rJepo^itfl of t ho M idm* tftatc -i-s due to the uHerat inn of 
u Berios of pfutonio mtnitfJpp* [belonging fo the K&lnrift &mt*) 
which may bo of hybrid iorigin nod due to the mekrporafcbfl in 
ftfTid infcrusives of inangaiuse ore-bodice of the Onndile ty|M-, 
The Kodurito series is typinully developed ill the ViiBj&nagraiit 
State of the YTzagapatiun district of Modm*. 

HreaHtinnM—(JBIiSa*. Thom-tt important aroa of Dlmrviir 
development m in Bihar4>iw». h north Bihar. TJhunmr nwdt* 
are met with in the Item hi , Hax&ribagh anil t jn-yii dbdrhMa. HtU 
oreti contains the welt-known mica ticlilr. of X India V more 


i A porta <4 L^wirmif nMi M#U tai tf«p* »JiWeta4tf 
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geologically interesting development h in South l.iilmr, where 
2 large aiw v* tending fio® flKigpur through Sirtgfibhtirri Lo 
State, covered by the Him neats, him been studied 
in datail by H. C, Jones, J. A. Dtraa and M. S. Kridmuii- A 
widely seeping £ono of thrust, more or lesa E.-W. in direction, 
Hcjja^U>a a cooiparalivdy mimeUniorpho^ed tract to the muth 
fronj a heavily metAinorphuflcd frru^t on the north, 

T ftfl chief internet of the Singhhhum JJhtwwsni is in ihtlr rnd<* 
i n g r > thick group of ferruginous sediments. 

Thfe urn* contoinil tilt 1 following asqmmrei of ArduK^n mmIJ- 
incntfl. It tendste easexfiuUJy of a fierier of inm-beming xdimint* 

_|djyIhte# T iiifr*, Iflvub. quartzite*, and limestone*, designated m 

the Iron-ore ing iractmibrmubly on an older mot*- 

mOrphin acriue. The ago of the Irai-on* scries b syganfed flu 
Upper Db*rw*r; 

Kfi.iJrti, phyffit** tinf* urith Iavtt-lli^«i. 

Iron-nri. Ptiyjhl**, qiuiri^t- -, lini«i>tonis with mffr And Ijivllk, 
gitir.t, liaLdol hiLumutit'-quartKifr-.H And iim-Dn.« ; 
tHiatm nod phyllitr# with ^nfistoiw 4^1 
i S ao df to W, edn %Umumt*a, 

_ _ , _ —-— ^J'nMT}fr*rmriif. 

tt&w/piir SffW—tvhiiaU. turptfflllllH’ phjrlUt^ 

Serb*, i with Ibw hinlii^ 

_ _ _ _____ ^ __/ h run\form tip 

Older Sletaniorphi C"? linrtlMflTid0 , 3dlfci Jb > niicA-ai'lust* Aid 
qumrUin-#. 

The Iron-ore series is coo no tii 3 colly the most important fji. 4*1), 
cun iainkig Intetbediind oro-bodiefl of largo ilimoiisinnfi, eatfniMed 
to yield a total of over three Liiaiisiiod million tons of high-grade 
iron-ory. In Its pclrogeiiestfi the terioa U behoved to l>e nkiii to 
iho other we[i-known pre-Cambrian iron-booring formations of 
the world, t .\/. the Lake Superior dojwjdts of she t“.^.A. and tho*u 
of Bmaii. The question of the ukSmflto source of l isa iron oxides 
and Use exact proc^&aca which scgre^atocl them kero on such an iin- 
tnense *mh' yet Awaits sutulinn. Indian geologists generally 
regard these om aa T hi the main, marine chemical precipitates in 
the form ' I oxide*. cotbouaU-s and ailicatirs. i^onifl hOvondary 
changes mid lepI&cBmant have token place subsequent to their 
deposition, but k is not believed Hint organic MgojmieA such an 
rtlgue or bad^rio have helped in the precipitation of the iron. It b 
possible, however, that no elude modi of bdgin applies to eh the 
fwCUm-ucM*. Wliile the larger deposits of iron ore, Aiieh a* those 








ihm .taMribiiuriiun, mol* 
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n f Siflghhhum or Kconjhat, tfin> *«■ WiuwtitHtv ihex> '"''"IImr 
deposit* belongiiig tr- the >eri<* which have pndioWy iqipmued 
by it preens? nf meta-Hi m otic re-pIji-'i-tiH'ni irnd.-r lemw trial condi 
Lions, in a period of otarkcd volcanic #c(,wity. 

The orps oomir os inassire und Ittiw* l!, f fomu oxides. s(*fl 
powdery haematite, and a* b»t«ie<\ or riUmiud haamrtis- 
iiuarlzito or jasper, fr<»m which tin- Jin* «*<• 1* Liberated by I he 
Inching i- Hi of the iaTtvlaminiilwi ,ilico There i — coiuadambfe 
nmiiijni of igneous voti-ruii' 1 notion in <hiH uri-.i. wii lifted In I hr 
bums of Singhbhum and Bon nil granite, by aia*~« of ultra 
basic intrusive* find by Invn How arid tufb> 11'® l wish.* infrusKps 
bnve given origin to thf chromite, a* both* *tid steatite of 
Singhbhunu 

,|. A, J bum has studied the /nya-of* -it. r*«* nnd aaiHKUUbed 
Anshionrm of-SlnghbUum in Hrt-idl together with various problem* 
of economic mineral*- jiotTr-gniosis tUfil on*-gent jhEs whir-li tjn-sp 
rods# present. Himii recognises no earlier r»**k. -edimcntniy or 
igneous. in Smghbhnm than thf Iren-ura serif' which is h group 
ttf pi iv! liras, sludo* and quartaite*, overlain H\ 1 ufT^ arid basio 
lavas, the more strongly folded portion* of which show every 
gnwle of met a morphism from schists of thf epiconi* I" giwsbwiu 
rocka vi' the hyjHMone M. id. Krishnan ban pubUtlusj * memoir 
in which lie diaousw!? the oorn'lmian of the ArchJicuriN '‘J ibi* area 
to tin south weal, lb* distinguish en .1 snttip of Iw-iil phyllita*. 
overlying liif t rOU-oro hpi'ics. which he regal* lh ns of L-|i|mt Uhfir- 
w a rim 1 age. i n Si r L. L . Former'* sofaemit of correla r ion I wf w wi 
the Archmsara of different, purls of India ho iism rite <<"<*ndiL>c 
rocks, with marble* im confirmatory evidence, ns n ibiliim-lliMt on 
the assumption that thi* inanguncst’-ores and marble* murk one 
sUigk stage of deposition in the Arohaouw. On 11 *i^ ground he 
correlate* the (iungput serifs with the Snnsar* and the Iron-nro 
series with 1 lie btikoiis. 

In the Bastur Slate (south-east of Madhya Frirksbi. H. Ciwk' 
shank differentiate* three Archaean greiqpti-andoInsite-gnuina 
utid quartz schist*, a group of hirnma t itic-quart rites, and qnartrite. 
A part lit least of the lias tar sequence is probably correlated to 
the Iton-ure aerie* «f Singhhlram. 

L. A. N. Iyer has leaMilly siudit-d the gneissose grenit* of 
R-ngql Much nr this granite lift foliated, bin- coarw-grainod and 
porphyritiv iyjn-s are* pn-rCoL. tllusr evidence of intrusion into 
aehi’its of Jtharwariati type in fiiniisliwi by the hybrid injection* 
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pidfcwa produced. ToiirmiditiiEwMrm of tin: actual* is » feat mu 
of the fntronhm. 

OvtrJymg the Iron-one wrim urn filtered brinall* .mil aa-vMibtted 
auh-ncrinl vnlcamn [irndiieM -/Ictfaju Jrojw ,, 1 Within rlw frnti- 
uro jwttow ubn there *re ilykt-H. ami nilk of ignmnm ulrra-bnidt* 
rdetas dntsttea, jjeridotHim and nasoniita. generally wt|mni 1 inhwd 
jmmI ut plune* currying lodi^ uf chromite ore. 

Mata gala eat'Orex of Dharwar system Almo*i tin rrh«l«- of ti..- Jfon 
f run*'- JUifniuhv pruflii'd in liidiji n dcrivni tjin jit or itasliTt-c-tly 

fr&sn Mu? Dlutrwar rock*. WUhfivglfd to ibuir gvoluj^uid r^kitmiji l>r 
Ftirmur lina divided tin: oro biNJb into three pIuMca, 

\l) Dr.posies timtirsted nn'lA (hr irt/rutfnv rtvjfc, Kt*jur\U r a burnt: 
liluiumr r^M'kp pOaanfflg uji iixctfptJiuJuJ mi iirAidogmt cqmjKpfJan* in 
inning nmimiisHy rich tii manganic tilicau* like miinganrv garnet*, 
rhoctnniie, and mjUj^Tii-^-pvmsin^ mid amphibolic The uffa of 
l\w Visual pateni dsnlHct have reunited from the meteoric ultertuiun uf 
the#ti mang njMHfr hilh iite* + while the hjthj^r ha* altered into iimn^n nf 
lithmnHruu iuni cbfciti tlm other imxhn'f * brio# wad p fichrw, ric. Hie 
on^hndfeH resulting: in thtw inarmer lire ui J tunr*e of oatremely hrpgofar 
form ami diitietuiiftH and The pro* If- nF tbi- ore h low. 

{ 2 \ ILrp*wt* tnnbtiimi jh fV ffotirfiA 4 n i dfivetbjtad in Shidhy* 

Prtifloflh, Mrtdhva Rharni,. t Pj4im.1i Miduil-, ete r Am already da* 
scribed. the f iotKlftu pw-kri urea iirigiiMLily cUuMec ftrdifuctilM. including 
prodpini ti-tf uf iii iujga11 mi* uxkbifl like rlmne of iron oxide* erwkwed in 
ttm siedlttientfvry rocki nf vimow ivsrs Untie drnamin nf itgfofud 
uK'iJirN 1 »r|1 1 1ijffh lot* gimri rtm Ut crjtfi-nlftoil tir&i uf nunga>iln* t liko 
bmtiibitt. hdiiHTUiuinit^ hulkntiiii", cl€^ TIh 1 m suiting nrr-twdl^ W' 
Jwrgc stMcf wcIbUililiHl, fnllciivfiag Ih* -trike of the eu^twiiig twits, imli- 
ciiting that they J14V0 IilmI the ^inn- origin a» I In- Jrtttor, ^niii-timt •. 
an in CMhtnLlU'.'iNi and N*|QW, I In- mrtxgmn^. orr” ii.ro frnjnil in iho 
rrystatlini 1 [itni-^toni aiuf oile^mmes AewaiiBini with tho other phnr- 
vt'jir r<H?k-« Tn Hitditiuii U* Urn nmt psik^nM^. bfimiiiio, hollnfi liEo. 
the myHtftUinc Irewi-ifiono niniidtiv li^euiIIv fii^lninnUte jihr iiinfi^Kn^r- 
i-pidnroi. TIir Gondile dopoaHa yield hy far the Jnrgewt pari of U» 
miiromirullv jnanpiiw oi« 

jS) f/iferf/pc Jepwii^ urt« dtiA to inetuauuiiMic ipbfltt niplueemerit of 
DJjiirvuir aliitc^ mid whiHie bj triai^aJW'^ bfwiDg Holutimi* Mir** 
*Mi occur in ^hmbhiiuni, .Iftboljjiiir, BeJLirT. etc, Tliey arc urrgidur 
In difltrihiilioiir oenming anr enpp on the firintn)#* nf" the 1 lharw rwJta^ 
a* i* oFident from thdr poewBar naton- nf urlgiti, 

Tln^ iW4lapQaS(A have hniught fin light noun new rnincml 
nn l| twaifitlfut r^nmdJhlwt varietiw of .iJrend v rm rpgniswl mmigiwsrsp 

* J .1 IH,imi, Hfigrr, nf loin iW m WnwP.UjiWI, iMkl, kU. |.. fllli 

tiuaiii: AfMtfi. <r;AJ. vol. laii.. pi- 1. 10 S 7 . 
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mineral* Tlwjy are: Pwtrnlmrtfitt., Sitiijuritt —JiiangancAe uml {tiki 
oxides: UoUuiuIiie utid JkfdmyriU are muigiuuitfci; Wimhiit i* * him 
manganese-amptri bole, and Bliinfofdiif. a plisovhinrjic. mim i»itii>M. 
pyroxene; Sfwuiik ts o manganese-gurnet, tDUirmedktc in rompositiun 
botwuui tifinit^artiUi unit luidrodite; Gniwiitr is similarly a " hybrid " 
uf mini uniirtwljtrr Ah&yiU ns n pink-volrmm'd mangam-HC- 

ttlo. 1 

d. Tin: ILiviLiw-j Rocks jfimImMv btflutiging to this. tJio 
oldest wdi mc-alary system, occur himure or Ipsa iOiU trrUous bund 
between tlut central crystalline axis «.»f the higher Htituikva* and 
the cater ranges. They occupy tmeta of North Hazara, Indue 
Koliistori, Gilgit, Ladakh and the Zutmlinr range to beyond tin* 
Sutlej. They are dowdy usJOciatud with tlip Central giieisn timl 
(ibo «t pkecs with the younger I'urjiiiii-, in* which they -in' dip 
Ltartly iWcoarGriiiablc in the Jr--■ disturbed amt?. They <■<-nskt 
of skies. phyflite* (often graphithfa l pi a rf Kite* and crystnl- 

liu* limestones and dele mite*. They have been named Salkhaltx 
writ* in l.hu Kashmir area anil Jtiivgh *erii,* in I he Simla nn.-n. 
The gnekaifloatiou of thr*u rook)* n| and the wide 

jwcvalane* of Inter inlriuive gmnifo*. especially In tit* rent ml 
utial range of the Himalaya*, malm it difficult in Mop* rate from 
I bis complex any Itnanonte of the Arohncmi gurJwM. Tin? Great 
Hhntduy* range, vast of Ladakh, k largely composed oft lu-Snl 

Idialafl converted into para-giidm, the Nang* RarRit rlh.tl'X) ft«t) 
nia-.-ir being olmiHt wholly built -T the-, with iiilrn-ijv.' Mutu. • 
gnaia* of ktor ago and hornblende-granite of a till newer, Eocene 
or post-EOcom* ago. South .if lid* rang* tile Sullthiike show n 
steadily decreasing grade nr met* morph bin. riiiady revealing their 
eedkaentaiy ulumielen* Some of thy rnek-ehntifitite present in 
tfnuu show remarkable r.-cmhhmne t<. the Uhorwara of H»j* 
ptttana und Singhbkunr, and it appear- probable that the Grant 
Elimaky* range represent* the biuumu-nt of rfu ,,1.1 iV-nhuiibr 
Ardiueans tin which the Telhyan sediment* vrare laid down in the 
numilnyati ge-Jaynolinc. J| I,tills denote* the pn&uk of the 

TTinihtljt yjLft. 

There are no Archaean outcrop i% V-twren I hr- AravaHk find Un- 
Punjab Himalayas, c*«s|il perhup* in tin few straggling hillocks 
of -Kirnmi and Snngla, which probably are the unhnried prates .if 
a «u*f)cated ridge hurj.il under (he alluvium of the Punjab 
Principal Areas at Himalayan Dharwara- J tiffurent. expos uras 

1 i’Jlilof. tfjJt. L V-Jit. IS4 ) 11. ji| 
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of Himafftyim Arduiotuia have received different luuue*. recording 
to the JwlUwi flfthdr distribution. On the mcfh uf the cxysub 
hue axis, in ihn district of Sjtitj* the equivalent of Uw Dhurwnrx 
err* knmrj, us the V„ibUa <*nV. On l ho south of that, (van there 
orciir mure extensive exposures of metamorphosed kighJv foMed 
ind nnfowiJxfcraiis sedimentary roots eJ disitnotly otdef iige than 
< nmlman. A pan of those may l. rt-gnrded «„ Dharwnr m nge. 
Iiut riwfng r. 1 1 ho poiu pika led foldmv .'Kid in venduru, rtf thestnU it 
ienot e«y \n distfugniah the rtjuBMntiitivc* of the BJumrare from 
younger Sediments, much loss to correlate and group together the 
widdyseparatod Onfcorojia or tin*e formation* in the djffifnmil 
parts uf the .Himalayas, One of t he most important OCcinreiioea 
nf t!>i>se unricuvi KodlumnU Li in the imlglilwjurhood of Simla, 
covering largo tracts to it# east and w«t which wan juoFitntuly 
known under tin* gen ami name *«f Lhv Hitnla , Itoocnf 

j 11 v esttgat i ni i n fcivft irnubJcd tills uiu[ipir>ii*uudv 4 ? sVfftem in bu 
differentiated; ihe biuuil part r named Hu? Juiogh ^rriai* being rr- 
ferret! to Dharwfir Ag#, whiiu n tutivur «erffea coining uilrouforrftably 
over it id of Pnrarm or *LiIl newer n ^-—Simla date serk*. The 
L^irtogha urn a drain# of cjirbuiuici ous dal^ linnet cities and riohi- 
niitc^ h qnartsdtw and schist#, ptms^&kig a high order of me (a- 
morphism. Intervening [^vrd the Jiitogha and ihc Simla 
nro ji group of light grey whlstcm fdatea and lalronr quarts- 
it€S which liAvit been named tin? Chait write. The Cliatk aliow 
thrufiE-fuitil ral&tiona to the series iiIh^vo and below. 

SimJa Tfcfl tccUmfc^ uf tho Simla area nn- of gn*at interest. 
Pilgrim and Wtat have proved thil the highly metamorphosed 
Jtitoghs now rfesting on tap of the prncLicaUy mud fared Simla 
wlntez ut: Sltulji iLTP not In their norm*) jHialtiun, hut have Irani 
inverted and thrust ^mtliwiird r from ifotiir original position in £ba 
central atri of the HisnidtiyuH.. ulniig a Imriznziluj plane of throat 
that hm txuvnJJrd Ihr many mUm r Hit* idFeotj* of denudation no 
tills ovorUsrurii .dj.nf?£ of the JufcOgh? b to leave isolated outlier^ 

'* h:li|)pen P, T of older rocLi capping: the Hummita of the Char and 
GioiJ m or mta l n -H, while iht main Iwdy of tluw monntmin* iu hnOt 
of youitgtr n>t fc ka. 

Jksteni Himalayas -In tho na^tem Hijmiky^. u oer'u^ of schifits 
of Ujp aame forma turn war Itarjralitig eonntltoli^ the fio/iuf/ #rn«. 
Thu Doling rarka tocteida along the Tiat* valtay into Sikkim and 
theiiw to Bhutan, aonetktingofmueli^itortod ninths and chloritio 
ami noridtio phylli^ with Lombhmdo ^hisi^ and quartiiien. 
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Some (rnle# of nrr Altai nuuled unit 1 torn- fuck*nr uoinfl plnoe*. 

Among 1 hr- cnnfititiifiit roefe? of the foregoing Himalayan iterics 
there ah' n few of the diaratrteriid ic types of the f%un»uUr Dhnr 
wim, by which they fin «h snog sis dmd a* radi. 

The fwdimpntary Pro- Cumbrian System* of Kashmir 

The muRfi 6 W£Aofti rams in given to tht\ oldest laidimfititfcr. 
melt* qf f,bt j Kashmir Himalaya oonaifitmg of nhim* phyllites niut 
whists with Inter bedded eiyatalhm? lirnesiont!* and flc-grcy qti&rtx- 
ite> h form* the bcwntflunt of the unfoadHfottm* Pim&i dale* 
ofld. the Huh^jca-m wdiiriontiuy system* of Kashmir. It* wkt- 
iHoirt with the nuwnr rocks ape gnneiaUy ci profound unconformity 
or thrift-fault. Graphitic slate and nry-staltjne lina^kmeH idulo- 
Niitu'lj f*ui* jowdhr rnarhJo bed>v hfark of snow wlnte.ure promin¬ 
ent ek-nunt* of the ttalkhidcu, Dynamic nit ?£a morphs to gcucr- 
diffy of a high grade is rvnlent in the series hut all types of rodci 
iue irn t with from dense compact cnrhoiiaoeou* sfJiUw and foidy 
ery*teU|ne limestone to ndhmlc like bed*, niicocwous, gurnvtf- 

formi: *l rii j graphitic *chi^r* tfUtthanurljd marble, calf *ti|kbit and 
gneiss From the Indfo* to (iftrhWiJ a charti of maesJre per 
phyrilic Lijntttf-gnflj^ intruKiOm occurs in them am-taut 
The Mdkftatn bcdimfintH have linen subjected to an Intent 
griifiLtlsiit.ton at plflcest in Kaghun, in the ranged nurth of the 
Kifllienganga, add in the Naiiga Far Iml urea. Ilio argilla^ou* 
component* have been converted by the injection of taiugmu f ij 
hlotitc'gneiaass: while t|ii? rali'iircum* mid dolitinitic member:- an* 
change! into dark hombfemh- and A host of 

heron i Jury minerals have resulted from mH^orphin pcstir-ji 
plihigopitr, notlmilii^, epidota*'zcikute, spbgftb, kJacfMft, ton no ft* 
line, bory] He; Eke when I he nkrttamorjiIiLcii : . r of r | i U j-jOu-!\ 
snbJpjwl type » and the Maltha In slated ttrr then MS*ri*ty iJUtirr 
gukhEihle from mm o Ddgni akto?, 

Mt rut igrapfaiDilly iis well a* lithofogunUy thu Salkhahin arc akin 
0 ? the Jiitogh uf the Minrfn nfto ( LH m rw111 nyltMn), und it in 

probable t hat * conti mums outcrop of thtw rock* *Trotdlv* from 
Shrill tn Kaghan ibrough thr Dhauhiiduu ran^-, 

The promiruent peat of Xangu Par hat. Ml I In amir, 2d r tl: J 0 fen. 
ihc cnlininanng point of the PunjuLi Himalaya in c<OTii|H^ifij almost 
rntm iy of rtneJy udiirtoeif bcutite gnek-, a pam ^ne^ with 
mterbedded marble, gmphite^di^te, ote., of ftelthala age. 





I 1 '" T F'MiL-iiUJi liisfjwifiif fl 1^ tvlatiprp of DWha.- »<Jiipi,v 
irJt h lb* grnn*f. 

! Afirr £*inp*[ IvnntfBJ. Jto,. Aftf-fr, v«L xj,} 

cimimiifanoe of •% wicieHjrnriid tmoogifiitmity separating tilt 
Dlmrwiw* finttj .ill younger ForTimtmn*, Sir T. H. ffottsnd hn* 
u rn ei] hh 1 thorn ii lung with ihi- .Archnonn. Thtfp k im parallel 
'wxtam nf deposit* cqropiirn Uh to the Dhuttniv in EnghnH or 
fining" fif Europe, hut the DliurwUis show a degree of affinity 
wiifi the Huraniuji iwk* of Amerioa in their stmtigrophie pwitinn 
Hid their pelrolftgiwtl - tutiluiion. 

A very careful ami hiM been nmi\v in ihe i^rmi 

Arehtican ftuiuptai of South TnrMa by thr Afjmft Sin i+> tj^|og]V_iiJ I?ts 
partTri^nt, The Bljeoir fiwlqgkrs have ujamvelfrcf n niunW of mir* 
erupt i vr ^mp in what hnvf Iwji huh r^. described sa the 
AnSjaeati fiuarbinrwtnt graiwr* of the Prainaulik iricl jjs u result of 

1 WiwliA, Gtfrfnfty of Prtfh*| tod o*rtt of Gllgli Jlitlrw*, tffr, C7JT./„ 

^Uid.ipt *. im 
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Nj rough tltPK ^nrij^in rompW uromtrwJrrd uhcet* and boewea 
uf fiiu>f^i- srujir of two later pcdpdk* 

die Dlurwar sptfem With regard to |J W age of 
like ujuinvdr mirk*, lh<™ no iJoatoi thor they ure fur older 
dmn the * mtihrkn therefrom hr mi minimis interval 

* jf Cphtogiftil Him- repri^tal by tW or po^ih^ four v*al 
cycles of drjHj/uthm, iiMdr nt aim hn rifling iund bji*( - Sovtrj E11 lle , With 
r^ganl in their lower limit they nre m ultwdy ustjodatol and 
mUnnlietJ with i hi- Arehirjin goeiwA wt errtnin |s!n<y?a rhat they 
Ji‘av£ no ijouJij dint >ome of the gnru&ca nm younger tfcon tome 
of the Dltanrar whims, From iheir tick Jnlat ion* and from the 
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tbiDW iaw4Uf;ut.ioDti they nine to lh& nonduHiou that the llhnrwru 
wWuitm were u{£ decided ty obb than thy pmec 3 tha t they wot nut of 
radinitmtory rvrjgin uii hitherto bold, tatt w,=r» rammly in gutt arid 
poshly entirely of igiwmi reteanfo dcTivatkiri, being in fiwt itrtf 1 U 
htutic UtI'Howh iwciaiiiurphufled iiiu^ljunLWoiJL. mid cLlufitSeeditea- 
In their ftakl-rehttau the DbOrwur sekiato hav# agtuii tud iigaui Imu 
observed to ukuw * dtHiiinet intmalve contact tenant? the mviuimu’ 
gnck^rit F ami lump \wm penetrated by tlie Jotter tiiuufl without number. 
The eharticwrs of the schist* olsu, according to tboeo obscrVim*, point 
to an ignroui md tmt ** origin, for iluy harenot In^n able 

to ttwco any paisu&gc of thorn wliiaU into pliylJita* or unaltered title* 
within the liaillcrit# of the ttymrv State, which mwmpte* an tow of 
nearly 3ti,b00 square iniJ ew Oh the* other hand, Llit*y tfJiow ft guidon! 
tiaiujUiju into cpsdiercP.ra or hmibbrnde-rockn Many of ri.r OJiarwur 
con^lomeratea, Likewise,, are believed to be of uruahud, drnforbuiticjCEfigin- 
F1g K 7 gives mi idva of tld iLutiutt of the association of the two tt H L- 

groups. 7' l raw viewo- hnw Ikwti to * eticwiiii'mhfn axlfnt Modified ju* 
tike mult of Inter *urk by the State ffe/aSogiMa. 

Thu subject u urn of i!lc major cuitrenrecsfaa of Indian geology, bat 
tbo prolonged study of the Su»Ui Indian cryhLiflHiu coinplcu:, by miuu- 
Iwirrt of the Indiui And K™** State Geological + San> p F oiUjndiii^ from 
11*03, h&a helped to clear it coiuidwabty* Frmasi opinion tetulu to 
uiiprpcrct- the ilysoro jiew fn m far a# the of the main body of the 

tfh&rwars 1 a cubrertwdp though work in exli^Mjtom mta* t^pteUy 

supports the older viuirn iut rvp.anla the oodinukiiUiy nature mA origin 
of a jsortimi of li pose rook boiUcu. iknie Uiml* little dunht ubutifc tin) 
rintritsl nature of the plivifitts and quartettca. 

Tbo follow ing gtiftfil scheme of clnfisibadinri of Mil- Arch Aeons of In ilia, 


4. The OiatiifxikjU 1 and ISimEHkluuul GftatmSp with iiilrtwmn^ smrh 
a* FcffrIotlW T Granite- mid ^Syeoitp*; 

3, Kn-melted iua.^ of tbe Basement Gocias. now coimiitutlng much 
of ih$ Hciiiatoae and garootiferOti£ Eangid und FartbtatiLir 
Gneisses which indudp fflmn and ArbofU-: 

2. Dharwwr fiodiments and oonUEmpdttliacmi Livws, edsO Hliuudalitce; 

I. The oJcidit BBuemrnt Gtvliee# repFesetiting, in part at tluf 
lirimitii'c mist of Hie* i^uth, 

adopted by Sir ih l -rmor in Wl& p ie nt>w nmufjibji by (lie sub- 
division of the Areharun fnundatifri of the Peivlneula into Iu dm- 
imrS, pn>vim>M, bru^nl tafiiOy -m tlinr pctmlngicd rhuiueU’rw The 
Ardiumn terrain of India i* first br< iiulJy divided into two regions, tlin 
mid cfjr thrsi^ ijuJoe- i -..i are fartii^i' 

subdividud inro a oEindHT of province#, ^ru-tipL-d under ilj Inmn^ro 
province 13) Mangvine#e-ocn-iiiftrbTo preilneta .Lind f3} Igneous pro. 
vinceSj ba*ed on th®ir cntopoeitiniiAl difFanmooii. In catahliahing these 
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(li vifisiii iir! mad tJi drourtriii tiutw in dtffrrOTt pari* of the ImJinn PtnmNnlu, 
farm* iu*e* tbv frilbwiijjj ^ritorin.; 

ft) Sf rati^raplin; stKjMemx 

(£) Structural rphtiojuthipa—of fritimg, ete< 
(HJ ftolada&ihlfi tu ijcTiP'iiu- uitniMM'ti 
, 1 1 fVv^M jatwi orwlrpi^itw of ep^natfr urigln. 

(6} Lir!ml..^iVrtl (ttvnpwitiati 
(flj Cflumiis-cti etui.Kitioia. 

(Tj Grade of im> tan turpi i Jam. 

E#J Lf*H and! hrlmm r«Tgc»s . 1 

EcoGDnaies— r H^BWrwnrsjfltem rjvmi# the principal oredepus 
Jta oft ho country, r//., those of cold, mjingane&e. inm, chrvmimti, 
copper, tungsten, lead r etc. These with then* aaaodatod rocks 
rtre iiJao rich in y-uch unhurt rialjy useful pnHluflt* as ffliea. oortm- 
duin, etc.; fun- Taltiiililb- nuncrab like pitchblendemid co him bite, 
etc.; and u fen gems rsnrJ wmit-procicfiis atones like ruFn. Wvi. 
ohlysobeiyh zircon, spinek gamete* tourmaline*, imictlljist, rock 
QTjsUli elc. Tliis sya tem also rich in m resource* uf building 

Diatom!*, gnmilra, marbles, ornamental building sUmca, uml 
™3flng efftles. The famous marhfettof which the liest specimen* 
cil ancient Indian architecture are built arc a product of Hi a 
lUiarwar or^fem. 


Kli b' UItEtft'68 

I. . I. f'Vjnluir, J/™ 1. vol xxxvib,. IW*U;J , •(,>, It. •>. u,*v.[Nnw Sen**], 

,\(rw O^s.f. fill, liJt., lt>3n. 

V. V. Ilcniu, (iivji)gy »rRii}puliuiii. Mcm.tJJ?./, voJ. dv., l&UTmnl 
'ii"! v#|, licviu. pt. )., IliSfl; Ktr , vni. Itv. pt I. I(1S2. 

Sir T.H llblLuj.1 «nil <2. II. Tip,xr. M«m, (WJ. xllii, pt, |. |ul& uml 
|,'*OGosi.r| fvriitii>■■ j Jl. jjt. I. liil'tj, TJh; Kiun njir Sv n twi. 

J, A. Dtrnn, Minrrol uf K*srenv ^uightil j mn. viiJ. [sit. 

pi, 1 , litati flr..|.,pv •>( x.-rtli Mem.. QJtJ. V oL || v .. lUiS. 

H, C. .fiMH-. In.ri-Ofr- IXipfrtiu of fttllW and Ori***, ilm V.,S t. VOt 

lllii, pt. •>, IW33. 

H. J9. fLfilf. UijnrA.it tit s.uih Jr urn. It*. C.S.l, v ,i| olll J 

i*S,H IfiJiSi. How. ! XV. ,,t. I, liilj. 

w KmB,*:«j|jigyuflVWwK>poly, ^ilmn.pin. If™, ujj. i„| „ pl ■> 
IMAv 

r-. K. PQifrim«ti.l IV. [>. W,„t. tftfm-mtv (rfUi*> sinJw iWk if. ,,C„s I 
vol. Elki. h 

I' r Nr VV liiJin. (]fn>rop> - I Vapitri I'nr^nt jifirr^ ,f f ^, li^rif„ Hrr fj f yj 
VJjl. IxvL pL * 2 , 

J vul. lit. |ii. I, |yju r 


THK UVHTKM 117 

(*. Rjvnf f; '“ - fcmito,. Jfp*NV tir'd Itrfft.. vi .L U1,IT„ |W3ff: j U.OiB. 

8wtf> r". itMa 

\l, S. KriHhpmn* Qnofopy itf tiki- < i itrij^mr Shu.-. uj t is.SJ, i<4. j^j.. ihjt. 
H+U trtu^m Ml tJi# DJmrwnr ninm arid n* minni-ii i 9 iJ 1 .tr Afrliman fiT Lhi> 
A,* ^ «/ thr Mif*w (hvlmml 

y a T r ” > h > 111 At G ' ,J > ww.*>»■ ■>.4JSJI. v«I. 

k.Srryr I9J11, 




CHAPTER V 

THE CUUUAPAii SYSTEM 

Introduction— Thi! olositm -T the Plmrw ur ont juuut lumt wit¬ 
nessed on a Ti'iy ^xtoiiBivi* wijiok Cot 

the Dlunmr Bodiinmt* Into oainpiittltod wrinkl**, aeati»\l » 
number of mountuiti rang?-, th<- most promcoent nmonj Worn 
tmmg the mauiitjuiiMjfiatn oT tbo Aravallia, No Mich p nU i“rf. iT 
crustal doformiLti^n, of :in equal degrae o) magnitude', WL ' CI1] * 1(1 
have occurred since then in t hip ^ninjuiliii ainec all ih* 
systems whour loss and disturb wiure of tfcft original lhu'£ ot 
stratification ami of their into™*! sirupidiC*. till., ftl tli*' viid 
tlie Vjndhyan era, aH urogcm^ force* almost di*ipjM%*rcd from this 
part of tiha earth, 

Cudlapah system—A tost interval of linw hnfor* tl|Jl 

next reek-system tjcgmi to he rlupwJt^di during which s ^rctU 
extent of Dhancnr land, together with it^ inurnituiiup ami |ilabnwJK 
wiM cut down to the haae- level by a oyeh* of i rttttoii- hor it on 
the deeply lieuiifled edges of the blmru ur rnnk* s hm- 1 tins buN'inrnt 
strata of ( he present formation rent. ThU feu itinf ion la Lm>w u n* 
the Cuddapah system, from the neeunviiee of the n ■ ! typical, 
and firtt'fttndic'd, oiitercrpe of t he^c rock* in the district of < Hilda* 
pall in tbo middle of thy Mudro* Stale. The (hniil^jitih i* a 
series of formations or &ys. teio^, rather than i> tmgh system, ii 
being composed of a number of more nt pumUrl soric* or 
group* of ancient sedimentary wtntta s of the tliieknes* and 
proportions of a geological flyxtodi by itself- They with a 
groat nn conformityi at come placid on She Lihunvai* and id othi-r 
places on the grtgfeses and schists, and themsohre* imrlt-r tin- with 
another unconformity the immediately succeeding Vtwdhyan 
avht™ of Madhya Bharat 

Lithology of the CucWapohs -Thi? system is nuamh r-nnip^nl 
of much indurated and compacted shulcs. fllato, quartet tor P and 
fiuioatonoe. The shales have acquired a a/aijr chuimflc, hot beyond 

HA 
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that rhi tv is tm further imd&nnirphUift into phvLIJte» or crfUfite; 
viiall -second m y miner* h ws mien, chtarite. muUitiigita, nt4urolith, 
gwun't-., vu\ btttir' imt bean developed in (them; nor an tin* linie- 
gUnn-a rwrYatalliaed into marbles m in i hi- Dlinm-ar rackA. 
Quart? i l>s which arv lire common rocks of I hr system* Are 
Hji’tumH-rjihr^d vtndHlimiM* tin- tueUiuorjtom uuiuiiptrtig of the 
iiHriMliuhoTi .mil dqurition of mMJqinlary nilicn. in rryal&Uine 

wmnmiity with tire rolled tiuArta-gnuiu <rf the original sandatmip. 

* kmiemg-Nonnctfiu-t mlcAuiit mot ion prevail**! on a large smile during 
fJib lower half of iho syntew tlio rwwrls of which Atv left in a 
-ritH uf iM ildi^J traps (lavaflrjwnj and InfF-heda. (See Fig. ft.) 
Btdjdetf tlii. L hIkiyc rocks* tln^ Lnvm niddnpAlu contain brilliantly 
coin sired ami handl'd cherts mol jaaper* and n)tm infcoiwtratified 
mm- and manga nvw/Hims very much like? thneu of the Rhorwar 
In (.hear two peculiarities tuoxt notice* tile in the lower 



.Fin. E—ak&trL hcOcu HJlUltrfttiag HU# fnhOl&Ei uf rariij^uiti and KkimroS 

nvLi i ii-LUjitt-j t Kk 

jUbv Kina. -HA/., nit Tin, i*75 


purl, She Lower < tortriapaha ibi-rcfon- iv-i-inHc llio Blcirwnr 
$y h n l i j i. w hile the np|h*r half, in it* nniiiet* iti tWpboHcd abides and 
limestone- ?-}imw - ,1 etnse ci'semhlnnrii the overlying Ymdliy&n 
imfev* 

On wcofitnrt of the nburno* of any violent tectonic disturbance 
of the Pimmunlj* during later ages the Cuddwpah rocks have In 
gfittrml low angle'. of dip, oxcart toward- ihj* t'oelorn const. whom 
Mir v form a part of the Ej*ttem tiliafca (the ’l eJlaconiln range or 
hiUe}, orid whom rmiw'qmntly Urey h a V c k*m subjected to rnurii 
IJI f , 1 1 it . IL arn 1 <mm thnut, To aecnun L for the impiOM th l akiMtt 
of thn i 'iiddiipah 'c-itiinr fir -, which amount* o- j:|U_* ro than -0,000 
feet in the oggrtigate. of dnles and qiwn ?iu + s it la neewary to 
ttuppnsr that n hIow and quiet AijIjtirergciLC* of On* tfwfww vrim in 
pTugre^ nil til rough tlir-ir depod Lion. which lowered the basin a of 
^diaicntHtinii as fast as they were filled. 




1S0 UKOUHJY OP ISDCA 

Absence of fossils in thn Cuddajndis- IV &»*■•» writ* of I 

nah rock* m toNiily imfoiwlUfermw, no aign of llfr Vjiu; met with 

L th«W v^. piW of tlinrinr M-Ji.JJ.-Ht-, Thi* |tt&» M 111 T 0 faffiF 

Itlicablo. slum ifo «nlv m th* nx>k* urn cJartfcwdimrata. and 

nol chemical pm-ipiton*. lairl How. the floor ->< and 

verv wrll fitted to laminin mid pnmirve “oun- relies ol tho We 
mlMiua ihn mm. In.t «1*> -*11 inwlmntal <lwt.jrtw.cea «n<l 
chemical dump-a, which u-ually obliii mto sitd. «*!•<** ■<*' 
from them It < i.nnot ngnhi I*’ surtnW Uwt lift-hail not t.iitfm 
lltw | m thsi* iiiirt of the world, since in formation* immediately 
aubseaDont to the t toddapah*. arid to area* not very temute from 
tftent wit find evident of foHwil ui^.-inwnw. wlildi, though the 
earliest animate m I* discovered, mv by n» n.e-u* U» atm P Te * 1 ,,r 
l.h® moHt priiuiliw Th* r.wnl « m m«nv nspMte 

in,tn-rf ,, i” but m n -ni- tuorv inl]K-rfrct ihun thto—rt* failure to 
rrjjbfter l.he first beginnings .rfEfr. by fa* tlir H.M Vportwit event 
in the hiattny of the earth. 

Classification—The ntdilajxih system t> divided into two «'<“• 
lions, rm upper <iu.l a lower, separated by a gn-Bl unconformity. 
Each of these division* CQt>*htl> nf several well defined scm>, 
whuse stratigraphic reklfab to imult other, Imwcver, jut nut, 
definitely csirddmliMl and which may be .[i.iu- parallel or homo* 
tftxial in (Midi otliiT instead of iUJi**-sd 0*1*1. 


KitrwHd - ■ iLr I'itidhjtnk 


.U'wmnfnrmity* 


f Ki-hm ■■ rltJt 4 i.trr.^ uni] ijinirt^itr-H — 
n™>r SIOOR, a mitt. 

rsuLiupiili \ Xrtltamnhd *trit4 * 1 


i finitemmm «rn-*f mtwmm - 

S4r0t| li. Bmrtukotuiti qmttsite* > 


J'najnfwTHittf. 


ijjWCr aii^ma i 

OuLtitnyali [ /w ^^ nl 


_ ^ ^ — - , ■ ■ . a r . **T. ■ I rrj ■ ft* 

iVhrtftif n-n'f-*- d»»l«» aj*d fpjwwUiiU*- ■JtynvQ' ***•&*> 
Kl/wjOft. 


I ’mmptilh xtaltif' 
#mi»«r' • - r 


I rj t i " ✓-Hi ■■ 

f, m ulrh*rti —thpalior #rn£# 


AtoKi^hu Kiitl Iriiiifttimuri. 


Distribution A Urgu ■ f i ii-iicdiW ifJ thv 

tj'iM? ajtrs of CuridHpnJi distrir-t r rho mittrrop U of an im?gu(nr 
t’rt^tT'rU shu|>c # part of wKirb fnix-n tht- eortil, ib^ 

oppadto siik* abutting chi ibo Another Irirg^ dpvefEip- 

ui4 a iit ol the -umir liyun’in Jil'o in th* 1 hlmti>p*rh lucjiliry trf M.ul 
hyii IVihIi sh A li'w >*nlntnl oTfKKffUtfw OCcrtir in thr tnttn’veftHjjjg 
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area* while to Hie nortle WMt others occur on the east border of the 
AravnUie. A purl of rile /.one of metAmnrpliosetl todimente lying 
to the south of the cent nil crystalline axis nf the Himalayas can 
Ikf referred to the Caddftpah system nf fdcSl^ hut they cannot be 
KTtftirdy identified n> ^iioh. an in the ca*c fifth* lYppp^citativcw of 
the Dhurwnr and the succeeding VlnrJhynn, 

The Lower Cuddapah — Th*- Papogfiam srnrtf. 'Hid lowest mem 
bet of the I'udiinpaJi system takes it* nrvnie front the Papaghani 
river, n trihorary of the Ptmrtrr, m the valley of which these nock* 
are exposed* The bottom beds are sumi> tones fnllowni by shdcA 
rand dates, with a few limraiono layncrs in the nhaltv, Con tern 
ponuieuua Imn llows, with intrusions <>f the some magma in the- 
form nf dykes and sill§, fire common; in the lat ter co^e, wbsxt? t he 
invading rock from os in conflict with limestones, these nn found 
to be converted into mar hies, «wpcntiries. and tale. 

Koonom [cully the bIaUs and Iimtstonejuries( Vnhnpalii 
nf importance, hwraose considerable deposits of barytes and ns- 
bestoii occur in these rocks and their assorjatefj basaltic dllfcj^ 
(See p. 4 PL)* 

The Delhi system —The Delhi tiyytem of strata referred to in I ho 
InfiT'rhApttir is probably of Lower Cuddapfih age, though in its 
intom* structural disturbance rind degree of folding it depart* 
ifom the general tectonic fiwifurps of this system, It appears U> 
lw a (oo&Uy speejafiikHl type of the Cmidujiuhs. owing its structural 
disturbance to local orQgctiic dexuros and ul«o to the mtrtisinit of 
large IxmIics of granite and nmphil^jlite. The Delhi system 
odHlpicn n l&rge extent oi £■ ItajpuNutii imuifry externling from 
Ift-thi to Idar (Bomba) Stum tin constricted, sorely eroded ^vndin- 
td band* in the centre of the great Am vail] ^ymdinorftttn + its fullwt 
developnicitt being found in the main Hu.jp utana gensyticline of 
Ajmer ASeru urn and the Atowur State. The Afwfflr quartz ite*. 
whkh constitute a prom inenl part of the system p nre quartzites, 
gliti and flagstrmes. Tlw Udhl aystom b intruded by a varied 
series of bosia rucks hi id by a eerier of granite bneses and iaceohtea, 
with their related group of pegmatite* nod nplite# [EnnptM 
ijmrnln), covering a large ure?n to the west of the AravalM rangr. 
The hint granite (granite* inhirog ruui te and graiiophyii? \ occurs 
sn a. number of scattered nm&^a at the south extremity of the 
outcrop uf the Ddhi ay stum flin Delhi system* which may be 
bike 11 u* marking ill 1 - 1 f nimiiiuicement uf the Jhirana Lm. at 

* a. L-OtmO^h. A/w U VJ l it iL'V , lt>3 l. 
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characterised t»y » R T«*i variety «tul nbundunoa of ign*™» to 
troniona nnd by im iatemwr gnulo oi itufttimorjihism thnn Hi® 
ohwo-wi in the elder Avwnlfe (Axvlme^l Sfcfe cbwtanw 
fc explained Ivy tin- fuel rh*L (he Dalltb wwe boded raore deep* 
in tlic root* 1 of til*’ jynoliHOtiBii) than *!»> older Anw'juli niek^, 
which form the flank* of 0)0 fold und have l.him CiMSrtjwfd juv^jc 
rnetHiuorphbtti. 11)0 Puraiui El® in fcajjhittW «f« '»«' oT 
Mid owganio nativity, |ocdiH-d end mon- or lose wnhiwd 
to the ArwvmTH mountain*' Over the vLuh of tluti <irn* dn- >j In 
instant exhildta vtolBd linoonfontiity *ifli the Arev.dlis pit its 
tu*r while U>wimi» the n»w*Y ViDdhyuu tamim to the wist it* 
nations u. llo*r ->f* Sit.** W'Ondtay buH, with " »W uf 
ovpr f t[ in-, a. M. Heron li^- ck«ifipd tln_- Delta aysumi 

ns follows; 

Stmri fitri** (l*r VinclbpinJ t-kiUir 


Vncm/fyrmity t 


Ikiki 
Sjptfm t 


a€Wt-s: phyllili^. qiiaii* 1 

it«« and impuSTP biatfilp Um^wno *ud fi. 

tfaltfjphvreai * - 11 " - * , , 

Runbriftfi': ItrKww - Of rarmhkj dddrajft* 

tiwjhrigwk iimutomt - *^25/** 

dhrtr *# rtf* r quiirtuUm , iidcme. ooiigloa^liw 1 1 . 

=-t: i ■ 1 miojiritciiLHtfi with boddtti lamn * I LStptittO fl. 

Unetnfvrmiijf* — 

J&tfff/o | Kninlo llmnston^ and marble. 

Scrie* 1 R*salo un rt 


Tin* Bijiwar series—Tim upper iliviekm of the Lower 1 udvkpnh 
ii tnorv widely dwetopod, mid ucuum ratr>mriwly at lbpv.nr 
ni*vftii\ GwdJar, a*, Tho lUjiiunr .writs in campoaed of ehorty 
Unu-HUm^, nKirtwtiH hun^tom^ Jiiiil frarragSttOQ* s&ndrtnnra* hiu-iir 
ntit<- bod#, win! cpirsTtiitiv, regtinp nftoauformnbtj’ on tho u^r-issvn^ 
But till! mmt dbtiiiptive elmrttiUiT uf the BiJbwot mmB » tlw 
]pre^-m r in It i>f iilitmdimt prudm >U of flMU*mpc^0Oiii= volwiin 
u ct i(m—«*h - IAdn K ttvft-tkwts iiurt hIII# of a tuwk augte-mdedt* 


[ir basalt iroW rating n;» a nuuil^c uf intrjbfdil^l (fTOoti irrip». 
Tlu-i 3 yki^ trftilW lava# that bn^e peiu-lmtcd tlidultln foliations 
ctre sojipowd tu hr the pmvM-rotk of thn diamonds of Ijirlm r i'h^ 
doIrbfAted M ^ItMiink " Ubnu.mk nioRtly fk-tivwl fmlu a 


cdaglomisrata mainly ct’inp«»eJ of tUv mUml [H>bhlei? of ilie** 

dvkes. V< S. IhlbiJij hn# rnj fiuritHl a dEsnloiidifoiviiw pliig M \d 
[pom t-Rip war tmpdyfcp intnwivd into the Bfjawftrej m the Rrusili 
conglomaratt-A of pknna SiJitr, 1 SjjiuJi flijimcaidi urei found ]n 
» /iuL J-f. rcKv- P"« - p, JM,+ I IKS- 
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the matrix of tk f* nwfe, which may !>a found to ccrmepond to the 
"diamond of (vimh rlt?y K the prolifto aomw of Smith 

African Hfjuircuidft. Whatever Hut andesitic lava of the Hijawnr 
ia *ubjeoted to fiifiling and compreaston* it has altered iufo 
itEi epMkjritc. 

An rxfidi&rc of very similar character, occurring i n the valley 
of tli. 1 i 'Itevuir river, i - km two u.s the GAcjplir striV-t, while tie ana 
at* Gwalior, --it h hieh E In town *if < * w» I tot sf ands K for ms t I to 
ftrfnt/ifrj* .^iri-w. tu thr- hut^r seric-s there is a yury enmpicuontt 
■Icvelopiitrut of imtn^tiunorpho^vi frrruginniui filmic#, jaspers, 
|ii^rcelikiriitt!n, nod horttitfoni**, agg*>diit@d with theandffiutie nr 1. J; -- 
ultir Ijw of the Bijawnr type. The pormll unite and lyditedike 
FOiddt npjtfMr to have originated from the effects of aontfui- 
tnotomorplitRm *m argilliteonii* h incite, w hile tho prrp'Tldmrj^ of 
hunii.i>ini-^ obi-rl Anri othnr -iIh/couft rocks points to the pnwence 
fif KrtlfAtatid ant ion , roiitiFK’t^d with tho volcanic activity of the 
period. Kdlafc&ra* or hot gdiccou* springs oome into cjktmoa 
during the declining stage* nf volcanoes; they precipitate large 
quantities «{ silica cm tho mrfaee, likewise bringing about n good 
deal of of the previously existing rocks by chemical 

replacement i rm-UtnOTiiiirisnil hi tiie nark-dying mofcs. The lower 
division of the Uwnlfor w-r\t& r renting upon the brnmmnt gneiss, 
k known a> tfie Pttr, and the uppor is designated t he Moror frjitJt, 
Ur. Heron rngkirdu the liwafinr airrios tis tin ipointed oaterxp of 
muneUimorphed Ar.vn.lli ^tecs, which owe thrir horizontaiity 
ptijil Jibw^m- o f nietuniorphitiiii to ihtdr dtfifanoc from the main 
axes of folding of tlu> AmuutEt mngd and their protection by the 
rcSLutanb mri.- ot Uundolkhand fpdsa upon which s hey 
An outlier formed of Uh'iitbuj nwk« k ae™ in thr valley of thv 
Prnnhita. and i* named l*r?<gnnga hr.*k, It nui^t be nodt rat<HxJ 
that the eqbbqb for giving those different local tunne* to the 
different oetmrmnoes of what may ultimately prove to he the 
same iliviHion of the Lower t'lidda-pah is the uncertainty, wliirh it- 
always prctient jn ilia ua*e of luifossilifeTous ibmfo, of eorrelating 
thorn with one another in lh& whaenoe of my positive evidence. 
Such \m arrangement k, how over only pmcisionnh and ia^idopted 
by the ijeobgieaJ Survey in their eXphimtiCrtW of now dlstr hit# till 
the homoUxia of tho differeiil oij^nres i» doarly eatabhahciL 
The loonl tunnies am ihen dropped, and all the oemureaces desi%~ 
nated by a eoiumon inline. 

* ilmt, (/> t. Vflt. UiiJt pi. 1, ift-w 
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The Upper Guddapahs Tin 1 piper i Hiddapalis n > f nlMfOnforiii 
rtli.lv rii’cr tin 1 mk> i»*t .l*;wrilH-| kl n number of pirn**. I n- 
most important development is in the rypoww -d the <-idd;.|.*h 
hasiii, where il lia* received t&* wune <d the A.dMtffid&n yW f’ ,v 
from the Naltamaliu rouge of hills in whiflb it «* found. The 
component rock* «f '-in' Ntflmxnttii strict are qnutziU* iKuireh- 
koridH nuttrt> , .itp«) in lire lower purl, tmdiltdunited«haU-H and slate* 
(Cnmbiim aUle*s in the Tn i.l» ttmoutonf Iwb tlinl <»<"t 

initimljiteil with the ak*Iw there is found an ore of tend, 

The Kiliulgi series —Tin hala/ti/t x{rir.a t ax \(ither member of the 
jihhip M>tem. tit eoverwl thousand foot of (pinrt/.ith*. limestone*. 
Hhnlts. onngtomemh* and hrmnu- occupying the country between 
Relp.mil and KaUdgi in the Bijupur dtarift Towards thr w ( *i 
they disappear under lire l.as;d(> of Deccan Trap «ge. The ttpprr 
part jnehi.k .■ l.nen-.n .tc-nchista. which include nunwtiiiww«» 
,iutch haematite n- i" constitute ft workable ore of iron, Br 
hides rhe above ( here ju- other lotulitie* where rocks of t he Upper 
. 'tuldiijHdt horir,»3i occur, tat in the Kistna valley (the Aialwo 
Mtit*), in tho fjodavui valley (the Ptiktuil atries. rd <»"" feet of 
quartzite*. ft lutes and fliuh Dincatonc.]. and in Rewnh C. Mnlia- 
,| t vvait suggests that J. Ii' ■ rukhili art; really much old nr Iwlnagiud 
tn the Dharwar system, 'tn.l comparable with the Oanypvr 
of Or Lisa, or with the less meUimorpbotod nutcrupH of Khandt r- 
Utts. 11 is also possible UlLit .1 part of the Kalftdgi aeries, the part 
occurring hi Ratimgiri district heavily intruded by ftoid nmi biuuc 
rooks, in likewise of Dkorwor age. 

Economies 'file economic lnijH.rtAnoe of the (.hiddapoh nwka 
lies in unne iron and numguucse ores. btrtlitdtlnl with tlir shale* 
uni (.bites, Viumr^mii workable do pewits of barytes au>i asbestos 
occur among the Papagtomis in tf» I mldapah and Kumool l*is- 
trial* of tlie Mldw (p. 4iM>) Other producta of some use 
me fukHAktl marbles, steatite, and the kighl-wl'iuted jasper" 
and cherts, which arc used, a Jam polished- in interior decoration 
am) inlaid work. it* in the oid Mogul building*. Tho Delhi system 
contains some kwles of metallic crimpr Kinds. Most of the copper* 
ur*v» arid ail the cohalt and nickel ores known in Rajputem* are 
associated with twk* of the Delhi system. 

Stratigraphic position The drtdigriipliir rslitlioRH of the ' 'ml 
dapaliA prove that they are Ibr younger than the Dhurwars. (Jit 
the oilier hand, their thoroughly tutoie nature, and the moderate 
ringm - of ttrttamorpllii-m they have Lmdsrgoiir. show that the 
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Cuciiiftp#h& are older than the Vmdhy&m In their lithological 
ohtmcu. 1 ^ they vbow much rwmblance to ihe prc-f.'AHi bruin 
AJgoDkhin system of North America. In Holland^ scheme of 
daatifioatkm, ae we shall sea later on, the f 'udrtupfthft «ro group* 1 *! 
writh The oTurivihg Vindhyims the Paranff .gnpup. 
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CHAPTER VI 

the viNDavAN Stepan 

Extent and thicknd#s—Tfe Vimlhvmi lynt-m 1* i vast gratified 
formation of sandstone-, shn.Ii ^ and wcompaisaizw * 

tluokn^s nf firor H + nmi feet, ^vcbped fitted pally in tb, . .mtral 
[nili-m highlands which term (hr dividing ridge between Hhuitustiin 
proper and thr Dtit>can» blown is I Im- Vim Iliya mottfit ainx They 
occupy a htrgf? extent, of thr im nmter a a t Midi of ove r ^0,000 
square miles—■ from .Sown rani mid [tiihrau in Wwlem Khar to 

CUtrafgai’h on tiie Aravdlia, with t|.xet*pii*Jii of a mitral tmot 

in Btradelkhand; while » largo area of Vihdhymt rack* fa isovmd 
by the Deccan tmfL The aiitorop him it* tnaxitnmn bmuitli in 
the mxmtry between Agm and Ntvmurh 
Bocks. Structural features—The Vindhymi ayvtaui i-i d 

of two distinct facie* of du|Krtit*, fine immur. calrmroim and 
orgilkromi^ ahttncteriHticnOy clevif1i>|Mfift in the lower part, and 
the other rdmont exclushrlv iireiimvons nf Jhi v hitUe m r- vi-.iiiH- 
deposition, forming the tipper portion* The abate, IbneitiiiMt and 
Bftjodstpno *tmla allow very little unwln nil diitplaainunr or dis- 
torbonoG of their prime vat ehameterf; they Iiav* pii-tived nlmiflt 
their original hoite&nt&Hty of [te position over wide arcus; tbit 
rocks show tirp rvidem-r of mr'turnorphism ..s one ig led to v-«pcK 
from their extreme age, bey<ffld induration or oompiu'img. The 
shale# have not. dffr&lopcd dvavnp? rmr hare r.he |ifnc*t rm ^ marlf i r- 
goue any degree of crr^UUlsatiom The only hrtftlity where the 
Vindhynn strata show any marked gLmqtmnJ disinrbniK-i- is along 
the nouth-eari edge of thr- AnumUt enimtry, where they have Umi 
affected by (hiding and ovcrthmst. duo to t he cnisr-movement a 
which succeeded thrir deposition, and then internal mtetrod 
struct ore cruwiderabty altered, especially in the ease of 1 he free- 
gtoueg which have heccrm* qnartiiites. Tlic 'p'irufpmJu upheaval 
which lifted op I hv Yliidhyan depnttfs from the floor of the Sftft 
to form ii roriTineii trd In rid nmi was the ki§t muione earth uunro- 
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iiioiit recorded in (Jlo history uf tfir f^niim iik no oilier disturbwi^ 1 
of i\ Hlinii.u n:n Hr. - having ovtsr ufEwfcod lb* -siukilitv tin a knri+ nu w* 
during I.Jip long Britan of penguin! aue£ that ice have yet to 
rovioU\ The iVhihyLiltt linn ni nail-uni mi impose i vt mi [id block of 
1.J] i.’ tit huvplim*. iiusubL'epfihle In any firtiltn-yr or plica Lion, mid onlv 
Affected ns itn Trill-:* - by HlcHii min rim-iit, of seuiiim upheaval 
and dap region. 

The VtEidhmn daiiLktoiuss 3. h_mtighoul their tluuku&as give 
evidence of dud Euw> water ihi|httiUoD in their Cift-Tccurring jipplce 
marked and atm-afjinked and Lei tkidr oouHpieuuus uurront- 

bedding or diagonal fimnujittoiu olia m clots which puint to the 
■shuilmt ugHjil-od water of the lm.hph r.. mwir flu? mouths of rivers, and 
lilii cim.stanlly duiftgmg voloolty and direction uf iie eiUTtiiU*. 

Liffi during the Yindhyati Age—Except for a few obscure traced 
of iiDirmiS and wo i n We life occasionally discernible in Urn Vind- 
hyaxi syyt-cm„ aud aucb plausible evidence* uf flu? existence of life 
oi arts Fumkhod by the province uf think liinetjtone strata mid beds 
uf carbonaceous alinics, glauconitic saimisiuiiL^i, and some lent idea 
uf bright coaly tnatLer fvl train), tKtffdftfttg at tile bum of tko 
Kuimuri at .Japlu, Eli is* va^t pile of saiukkfflea, s bides and lime* 
iUum la finraelertted by an akiit^L total absence of reoognbulib 
or game remain*, The only- that have bc-cm hitherto dis¬ 

covered in the*"" iwkn are oiiaEI uAihontaed, homy ■’ikes, 1-3 mm,. 
a 1 ]lie]i an> believed lo 1^1* mg definitely t-i home fb^ii organism; 
thm& have bocll [iiioul cmtanhlod In blade nhafea at the hn&o of 
the Kail nut -> i ir- (.Swjbi aA<nM by Mr. fl. (X hear Bampufa. 
Madhya lili n.d. Kill ike sjH-L'jmr»*<ut« uh& imperfectly preserved 
f*F gpocUk or nvfen generic detmrnitAtiaiiinil bwn varicmflly 
identified by palaeontology^ *a minute horny valvra uf primitiva 
br^ii'!iii*j N jMiHse-Miug uftinilift* uith Actalhd* OTNw&tfw t Md 

abo an aiyttl plant remains. Thi \-t' impitadma nr easts, while 
ukimdiini u KmnpUM, have not b on obwrvod -d^-when? in the 
nr nvnrlying liwk. Futmd nuirkin^, bolori^hig U? India- 
tkal } tupkyth t pljinti?. an* mmaJiy a^eti on the ripple* 
marked and ttun-oracted purikcea nf himdptomm Jind nhiilia T Th* 
wge nf the VrnrJJiynrt -tu in Time ttnoeTlJiSn, i hough It is pro- 
bnjjte !imt ijif k^pmi^t pari of the system miij rejirx^nt a bum! 
Cambriurt hmi^Mh I'hv striking lifchdoguvd similarity nf the 
Upper Vtndhyani with the Furpl* jandatoM of iho Salt-ftiinge 
CimbrifUj in fTiggei¥tivo ip riib repent. 
tftm sification-The rindhynn sy&tmx luw Ik^.ii dividefl into tlsu 
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Lower and UpjKrrdjvirHims of very unOLpuil u 'portion * 1 hut jMh 1 i- 
fled by an unoonfnnnitv between the two parte. quite apparent 
m some places and n^u-PiiHUfril Lar other-., und nlflo by n sharp 
lithological contrast Iwttweeu the lover and upper portion* of the 
system. 

The Lower Vimlbynii* show teutonic deformation by folding 

movements, while rhe Upper Viiiitfiyan^ me generally lying m 
undisturbed hon/ontol -'SniEii. 


Upper Blunder ^mcLlnae 
£ijim shales. 

Lww Bhamitft wand* touts 
Bhwiilrr li inestu nr. 

f Vm^kriiwfiite-ljwl 

llpjjcr Jit'wwh JunrlnEOjn 
JhlFt *haW 

Ixiwer Itcwnh muljtttinif. 
Pfliirin si ialien 

(^rtJ^f^mrrjiLfTjfnl 

Upper Knirmir uftebitcdto 
Kaiinur conglomerate, 
/wfrfltirr, Hcpi jjjiL rii ahales 

Lover Kahn nr <wmi]«tijnc 
Rukftl *hajea. 

Lotovr ritid&ptm — 

tfmri tfriv* t Kiuntml s>rw* - AAiwn .sv n> * 

J/oAuri iVri>.< ,if rhydjtm uEadi luff*. 

Gnuiitr Iicbm# of JaTor hiilI Kiwmm 

Distribution of Uii> Lover VindhyMi Thi immt typicaL uuf At 
the- -run- time the mosi *on*piriioiTft t dnehifmiein of the system 
te along the great relies of cstearprncnTs of the Vinrlhytm range, 
north of the Narbada Valtey* parfirLihirh m M:dwn and Rund- 
holkimurl in Mudhyn Bharat, from which the system tkkm si* name, 
30» lower division is wdl diuptayad m the* Son vuIley, in Chhatb- 
gurh and in the valley of the Bhlma. The Slower Vmdhvjuu of 
the S.-.n valley have hern the ^-rbjert of u detailed MUidy by J. B. 
A mien, which throws light on m million? of mentation, 
geography, climate and the question of tlie prevafence of life n 
the t i me. He grnti ps togeT h vr SO 00 feet of ] toiestate* shales and 
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pmnrj»1'>n*» with [nl/rbi-tli 1^1 and tulfa}, 

gletiftmitk -jahUt-m^-, si ml mlrtjuivi- liiihrilcd into rise Stmri 
which muiformahly Umkrffw the Jvtmmir series of the 
Upper V imlhyaiL There are wmglmii crater cpidanfk breeesa*. 
nmJ jwhlih--lw<la in the Stirndlh which diow the great variability 
mid invalidity uf physical i-niifJJtirp|j4 i»f slur j^rtod, an coni nut 
with tltfr- striking uniformity of ctajKMitioEi which iKSrsiaied nil 
through die Upper Vmdhyaa. The S*mri or jta equiva¬ 

lent#, uttf found in the Son valley. Kanmli .State (RejawthnoJ and 
.'it ("Jjitor. The uppermost stage, known ich the -*%r< of 

(HK^TOO feet, is ccmijinral of limestones end whiles which nuppurc 
the eeuient industry of tin* Son Valley, lU ^quivnlcnt* arv the- 
Suk*-t in < r hitcjr, and (hr 77‘njkifl JijmAfoiK in Karauli over- 

Irt in by beds of Tirohatf Hr* rrt«, The Rohtu* lit age ib Undi-rtiiin by 
olive .-]l i lJ i--■. gbii coni He bi K pcirwlbuijt** .uni hn-.d emiglimu'r- 
oEt> in i hr- above <uv-a_*. A few diwiid bodio mameting in i he Sukc! 
h Is si ] F%bi are belie v*<d to be cither primitive brack jopoib {Ff rmtfri a j 
or algal rcniuiiih In the Bliima valley the Lower Titdhpis con¬ 
stitute the Mmwi «nM ( eompowd of quartirft** mid grit- in the 
lower part and Khakfl mad timratcme* of Valuing rolnur* in the 
upper. Renting tin conform ably over the Uuddnjah system, in 
the district. of Kurtiwil, limit? b h large mit£rO|i uf cut: temporal 
enim rtick*, about 1^00 feet in thick nrss, known cm tier the narue 
of the A 'uninvt ftntA (Fig. H) The Kurnool aeries is interesting 
n# it contain* at the Imw a gmup of yiindstotiftB, some harnlv ilf 
which iifi- These beds. known a* die Bmutguw 

pttlti hrd* t coiufiat nf crnmi*. earthy fidspalhic or terrugirnnib rutntb 
sEon^ <d ii dark colour. Ktirfh of the Xarbodis the Lower 
Vinilhy.tris arc ven well in the l>ltur fortut area. Tile 

tiuttami wndtfofHA of Thu liixkvan valley nrr .* group of Lower 
Vindhywn eendei^nci imd qmnzitm toting niuionforiuahly cm 
I he PaL'hal ijmrfeites. t’otite tniKpraiirtiRe in ago wiE.li tht? Kur- 
nwb is the gmii thickness of litncstsaiWJ, elialei end quartzites, 
raneiitutiug the Palmut eeriet of Hyd^rnlwd and ndjoining iStsw. 
The oonqM^itjcm of ul the^w? ocmirtitnc^ ^hows local viuintLiui^ 
in thy rcu k 1 yjHst^ hut m the main ettnforms t"j the ftrgiUurr-riii& 
and tulcarcou-i; nature of the *ysteim Stmie of the lunctrciTii^ nhow 
>L coiLiTctioiiary structure,, the concentric Isk ya-r- t^xhdieting differ 1 
cut colours and giving to the polbhdd rock a heuntiful marbk-like 
npiwaranoc. The JiancstoneH of the Lower Vittdhyari formation 
arc extensively drawn upon for hunting well «ia for building 
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purposes, The ttohUu; liniemoue of the ^hohahart fii«t Hftf s* 
especially valuable for lime and oament (TiftnirfoctOTP# nnd i* 
largely cjijarrintL 

Tbr! Vuuthyans of Rajpnton*, The Msiani series—The unique 
sequence tiF Aiclioumi and Pumoa sedimentary rlepoeiitmn m the 
Raj pu hum synchnomim conic to on end with the Vfadifj™ petiod. 
A largo ilivYeloptijem of ViudhyoM in seen cm t he traet tlarik of the 
AravaUb and a lesser one. in detached outcrops* m the desert 
regions to Ita west. Tim Lower Vimihyaii rocks of Western Raj- 
putaoa di^omr special notice, Kookfp which may l>o trorrclatcd 
to this riv^tmi show there a very tmmh altered faeies, being com* 
pneed of a group of rhyolitic lavas with abundant pyroclastic 
uiJiLoriuf resting unouriformahly On the Amvmiii schists, Tin* 
volcanic series is known m the Mvltmi ame#, from the* district of 
Mint, mime (near Jodhpur in Manmi k Thu Mftlanl rhyolites cover 
some thousands of square miles around Jodhpur, They ore portly 
glassy, muob do vitrified, amygdaloidol lavas largely mtoritratified 
with tuffs and volcanic breccia. The lavas vary' In acidity from 
rhyolites to quartz-andenitea. In the majority of otu?ei they have 
undergone such an amount of do vitrification tlmt they appear 
almost as Meito, the glassy ground-mass having completely dis¬ 
appeared* An outcrop of the Mahuu aeries composed of fal^itic 
rhyolites ut id ttiffs occur.?, remote from the AmvoUia, in the plains 
of Northern Indio, hi the Kinmu hills in the Punjab, small highly 
eroded outliers of the Amialli chain. 1 In i.hu Viudhvan terrain 
of &.SL Meuar 1 ho Mahim iolearner unit the ftemri series arc re pro ■ 
wonted by a group of times tones, ah i den and isamle LoriOtt with 
breccias and congjumcrntofu 

( rmiJecLcd with these kivu-fIow&. as thfir ^ublcitumuiEi 11 hi tonic 
roots or n Ltigtn u~rfctiurvohss which supplied tin? materials qf the 
eruptions, are bosses of granite, hi id bam by denudation in some 
juirL-i of RajputanA. Two varieties uf arauire ajo rvcognised in 
them— ‘iine i hnniblende-biutEto'gTauiU' ynffrifr), and the 

other, hombkgiflc-gmiiite Qrvntit>)i The hitter 

whowts do t met ly mtniuM. .. relations lu both Lin- Mnlafii hi - rum and 
i be AmviiU] sriijjsi>; it time to a height of nearly 5000 feet above 
ma-levcL 

With tins Vfndhytm era. the most important diopter in the 
geological history of Knjputium conn %* f a dose, Deposits of 
some Mesozoic and Eocene ovate im* art found mily in n few 
* ft??- g»s ,/ Tflil. xliiU pe 3 ivls. 
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scalttusi author* in Sailem ftajpuumi, foi the inoal purl con 
re tiled uruW I hi' si e« Eft hhiiiIh. TIk- UuMmihcs* oJ Rajput a mi ih of 
grout mtw ;-t in rcviudiiig the fllrmHimi oHh* part of (lie Indian 
forchuid whoso imrthmi jiromtuiuiry T tho 11 Punjab wedge ' ban 
pillVI-II such u [M-irt in moulding tin ^ orientation of On: Hiuviluynn, 
F f hi j mioordihL* lo MmhkcUiv, iileo of iIll 1 l^aiuii- nrui Fetghmjik, 
Thug*'*, TIm mam t^riod uf niM«l iMuruiiilion and Igneous 
activity in llnjputarut wan the Purum Km, This oragttde uHi viiy 
iviih Im-iilj^mL ami more or Ihs chopped to tlio Arr.u,il)i 1 n:ii from 
mirth of Delhi lo (Sujanii, *1# ihnt outride tfii* ovogeuia stun*tint 
ntMikm twn though mo finnimi; atv 'jtuitetauiutplins*Lf 

M inin g of “Low*r +p and ** Vindhyams Tin- Lower 

Vindhyim is BCpartriod irnm I he Upper by oil unramlbriaity that 
ia very apparent in tho north but which tcnik iu dknp fx j ar in the 
south areas of Mp wnr, Chitor and the Sou vdky* Thin Hignifiva 
that earth ■uunvenirats supervene I I'liter ihr ditjHjwitirni of t hr* 
JjftWW V iruih v ii] sedmumt* which iflovnEfi 1 hi■ ! 1 hito lamI 
m tho Aravoih area of the north and put 11 Hop to further 
sedimentation 111 Hush? areas. V\ hen. ni(<T re■■Hihfnorgitno ,v - 
tieposition was nawwed, an interval of tUnx had nJjip^ii, 
(luring which tho former si't r P f miiditiu.ma iLkuppt'iirrri and thr 
mountains and highlands which 5 added tlm deferiiiMs obanp^i 

completely* Such earth maM omen causing e* nation *■! dp- 

position in a | Articular area, with n charute in the phvrinil Mm 
dition*. art' nt the root of >st.r»tigmphic diviaiuii*. SnwJkr “d 
more local tanaka in tho enuri unity of a ratified wiiocoision have 
led to it£ further subdivision into writ* and white 

founder chnngra* accoflipaniral by more pta*munt i ed aJU-mtious 
uf land and ssoa, affecting the inter-ctUtthiental and inUtf 
migration! of Ufa m habiting timnj* drtormini- tilt limit between 
and rfv/jff frl. 

Upper Vindhyan— In Ui#k type^lea. north at N.vrbtuln, 
tin- Upper Vi m l hyan windutune* nonairt of tbiwr -marked 
divinioiiB (itcri&O* 
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i ^ijht Bhsnder Aunktoea. 
STrtrn shales. 

\jwt Bhamlfrr 
WimiiI** llmenti'iw 
f i»nurg?irh 


Dioiaoodffifrmi* beds. 
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Upper Hemah muU&Otte. 

.Thirl Hi idea 

Htu*ah writ* - - j x^iai-r R*widi «tiui*wipjo. 

I h . u l IK1LLL 

DlHiiinnidiliinH^ \mU 

UpjH'f Kjmuiij K.miMom!. 

K ilnm r tidgj{ldiiUKnii U'-< 

Kfiimur - RijjiLcritrb ahafat. 

Lower Knimor aaiuJut+nie. 

Suited shale*. 

The E*st lijrliu Evailuiu from Katni to Allithtdaui rmia through 
th^ heart of flat) Viudhywn uufcry, imd theme up to Dehri-on-Son 
passe* dolig it* north-c&ytorn morgiii, without over h-.i ring sight 
of ihr- outcfppt* uf Immnjjfidly I tinkled red nr buff fwmflastotie^ 
Another Yiiidlivnn province Iks tn Madhya Bharat. on the ra*u.- 
tem burden of the Aram Hi chain. Thfe «juu try ts iibo cross'd 
by t«ht railway from . I ludmpu tan to Bh*ritjRir f which alnn^t 
ctnud-untiy keep* within «ighfc or ucUiidjy meet* a of 

illtiftlrativ^ outcrop* of tho system Prevaknee of arid, runti- 
ncjntfd cnoilitinna in ffcti Upper Vmdhyun times If suggested by 
the perfect rounding oF quartz-gtomt- in thrr majority of rlu^ pslikL 
*tonfnnd flJrto by the prevailing rod uml brown colours of the 
*MiiiMIfti mul by r,he orc-a^cmd presence of gypsum in Hid {than- 
der chairs. 

The junction of llw Upper Vindhyans with the older rank* of 
the Arnvallk, at their north'nW extremity re reals iui extremely 
long fault of pent throw, which hs* brought The imdUturhod, 
almcjttt horimmMl ptrahi the Vindhran sfljidarmjp (/jAnwfr/ 
in cotiincf with the highly folded and foliated sehfeta of the 
Amvftlli*, Thfe great fault-, which has n tlmm of oCtfN) feet, a* 
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mnghty pamlM with thr r^urnr yf the river Chambal and ran be 

Lraeod fount Mi t 1 wf^kTii limit ibr mtforop a# fur north j.i Apra. 
a (li&UUiCO ml 300 Milks. Ii ig jHi&uhle ilicil diir jLUnTirjti Lh nul 
of the eiji f lire of Hu uni ejj ary fr/ict tiny ur ditiTuealiou. but markt* 
the approximate limit of iltfrOwtion of tbo younger Viiuliiyau 
sandstone against I be fool of c ho AravalliHi u'liich u m modified 
flubeequently by faulting mill thrusting The fault, thrmfure. is 
of the nut. mv of a Boundary Fault", which recall* the much 
better known case of thr? junction of Lius younger w ith the ukler 
Tertiariss nf the Himalaya*. [$■*■ Riunlik System Chapter XX . 
p. 35S.) 

Vindky&n fiand&toncs are by Ear the tin #t gramma 

rocka through nut tlih ibvision with Ibr exception .if the lower 
Bkauder stages which is for Llie greater Hurt ctdoarcou* Tlie 
bunrLitoiir-i arc of a unifo rm h inn grain, preserving Lbcit unifor 
mity of textiirw and eumpwitmn unchanged for long dMufiflCS- 
The colour* a ic vetriftgatad ahadt^ of n.'i. 1. yellow ur huff, or grey, 
winter they am' often mottled or upcckled. owing to the variable 
disomy natio n of chi? colouring matter, or to its removal by 
deoxidation. The Kairunr ob well us the [thunder ifr&mlsta&M ai» 
Utie-texturcJii, soft, easily workabledeep red tint , passing 
now and thou into -nftcr shade* of gm u beauty. Tlicse saad- 
itoneii arc available for easy mmrryinp in any quantity ui all ikr 
localities mentioned, No other iwk-fonnntiou of India fK^rssefv 
mch Mi a^omtilage nf ehiiractcr^, rendering it so euniLCDily suit¬ 
able for building or nrvhtteclur.d work* When thinly strut ificcL 
tho rook yields Hags and slab* for living and roofing purposes; 
wlipn the Iwtlding fcs coarse, the rock f* of the nature of freestone, 
rind hrg« blodui and columns can be cut out of it for uw in a 
number of building and wdtltecttirnl applicatfou^ 1 
Shale# are upanody developed in the tipper Viadhyan di vision* 
ami arc nf Wal Occurrence only. They arc often oariwjniieeoui!^ 
At othgr rime- they an 11 aHteuim or calm reo lia r They are iIls- 
tEiiguuihed under various named, such am Rijaigarh whale Poiina 
tilde, Jhiri .dudi\ efo M fmm llu-ir localities 
Economics- The Upper Vindhyaiw are n 1 markable foi their 
■■iiHiding two diamond'hearing hnrbumit of strata, one lying lw- 
twtsun the Jifdmur and the Retv *b M'riiv, the ulhcr between the 
latter and the Bbonder smew, The MMouIIy tumum Pannn 
and Ifolcojidu diamonds were mined from throe lied*, from one 
i ^ nta»wr XXVt—bmHiMff StoiiWH 
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or two small pmdiwtiFr. patclw*. Tin- .unity rutik * .* eon 
glomi'r.ii' <'uiitnininjtc waler-wnm of oldei Kicks, among 

which a., fw’bhlr.s Hi t lit - Bij^oor nuih-sib' nh- idy alhulfd lo, 
which k i onjeotiuHl to Ik* I hr nrigiiml matrix in »WoTi U» diu 
mond* ourr rrrstallw-d. The Vindhywi ^iem is not I*******! 
of any liHHnJiifcnrtfe dufwrttttif, hat is rich in roources of bufUmg 
Uniterm?:- which fumtdh an unlimited nii'ittUPS of excellent and 
durable freestones, fhi(prtoOt>, ornamental uml large 

ijiuintitidl of I i mmtonn far the BHUiBfectoP) of lilim Ami (WBMN 
•IThs Bhaodcr stngft has yielded materials for U» building of *omc 
of tilt* finest specimens of Trulirtn Architecture. Tin* famous 
of gannhl and Kpnuuh, tlm Mogul jmUicm rind mosque# of Delhi 
ami Apru. and the modem Government rdtflow of^» Di-lhi are 
boflt of Vindhysn nandrioaK. The msonomio imfwicl# of Urn 
Vimthynn rodcs urn drub with in tin*chapter no Economic Geology- 
HimaUjran Yindhymia—The exlni-Prrutunilir ToprcMiitAMFea of 
the Vindhyim ■. und piohubly al-souf the Outhlapahs, HW* surmised 
to In* largely pTPsrtil in i hr In-lt uf uiif'^ilitermift -dimeritury 
nu'k.H th.it lii- between the erynUiUiiM- picks of lilt* central Wirt 
tile joingrr rocks nt' the outer Hitnulnyii'-- It.- in- <» 'pH'-ti' ,[ i llW* 
fur they are hotnotoxinl with tin* VSndhyHiM. nr with t.ho Knialoa 
or thn Bclhia af Rajputana. They are (Imignated by various 
imnii'i in the diffairnt part* of On- mountiline. Near Peshawar 
t hey form a large oiilm>p of dark states (the Attaek nhit.s). w ith a 
few Umeeloncs anil annrkUntme hero and there, [ht: invited with 
fmpiieriii iritrpdoTis; in Hssmim also there in a large emOttiji ol 
black iinfwtai life rows dofi-s. A prominent Iwlt nf nlnt« and 
niwHiiated rock* nenms in the south west rl.ink of tin Pir Faitjal 
and Dlmniadhar ranges of the Kashmir Elmn.layn. Thin WCtes 
fms liet-n uumod the /logro dates, Thu Dog m date-i m* UOCiiu- 
foriniibly overlain by a grtat thickness nf unfcissiliferou-i si'dinieiitft 
thr Tnrtuxntl writ In the Simla um I iin Vindhymw arc [u<>- 
bahlv recognisable in n thick scries of dark unaltered dale* and 
micaceous mmtUtene* under the name of Simla nfate*. The Simla 
states are succeeded after a pronounced hiatus, indicating cither 
an unconformity or n thrust-plane, h-y a gremp of bonded "dates, 
sandstones ami pebbly qimrrxitiv, named the Jnttm*ar writ#. 
The Tanawols and Ja unsure are in all probability ropmsentativea 
of the Lower and Mid-Pnlaeotuui fnsaiUftH'niiB formatidiii deiicrjlwd 
in the following two diopters- North of Qiukmt.u, rocks of this 
age. forming the peak of Deobon, ore known us the hrotui n writs. 
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Thsty of fcjttp-mdy compact grey dolomite and limMionc* 

with oherty <xaMEfe±b^»* Near Darjeeling, the Western Du an and 
the foofc-fillhi of Bhutan, they r/onstfbtte the Raxit writ* of 
quartzite*. date* mu] dofamitea occurring in band* betwmti thr 
Paling oli&tirrrjt an A ilia f hind waua atrip* of iln ea-lem .-mi It' 
IliimLnyu*. All the Viudhyan radii ol r]ie Hiinnbyo* arc dirtjtt- 
gak bed From Miw Vindhyaiia of lb P^titnulu by Urn -. an tv de- 
velnpiucnt in thaut of the atffflttMNi fi mm utid the prerfmmrimjc* 
of argUlacomis I'lement*; ubut» u* in. quite rdmcnn, they are mttfih 
folded, oomp^nii and inverted hy being ravahad in the ncvercr 
flexures of the moimtain?. Ae » rule these older rock* overlie the 
ymmgcr members of the tilth'Himalayan imiir along u plane of 
nverthrust this being t h f- im-^t persistent feature of tin- htnwlure 
nT the Outer Himalaya* from the Punjab to A-osm u*™ p. 4J0) 
The relation of the Himalayan unfcttUif eroua systems to the 
Peninsular Purimas— It m fch« belief of r3»-* (ml inn ih'ological 
Survey, firat premiiLgitttid by Sir T. H, Holland, t lint thews- dd 

iinfo^djilhriMJs formation* developed on dir- ^outIj ■*' ihu i-j-rit ml 

Himalayan nxie-* Ft-prr^cntmg the I pjiiirunr, riuldupidt mid \ it%- 
dhyan systems of the Pen insula. am only tin- rneilit-m oui lion* or 
prolongations of the rtmpoelive Peninsular system*, which were 

once continuous and mmiccied btifoTB the ftimulayttii area became 

demarcated from the PemuBiiU by tho upheaval nf the Himalayan 
chain JLftd tho ooncoinitani formation of the dwap Imlo-Uangotio 
iilppresifiiun.. During thw mummfcnts the r^tra-Peiunmikr ex- 
tensions of tlie Dlmrwar, Cuddapoh and Vindhyau systeina went 
caught up j;i the Himalayan aynt™ iltxures, u hihi their 
* + Peninsular oortgCturre t+ were left tuidJit tirlnid. Iho ladief 

receives strong confinJiotion from the fact thpt Ott the north pm 
aide cif the central axis. *.e. the 'Hlk-tan. there is an altogether 
different sequence of strain from that occurring cm fJii 1 Iniibn 
&jde, being composed of marine foasiliferoii * sed in rcnls rif fiiJjuixf 
Avery geological j-kge from tho • ruubrifi.n to the toeesie Ilih 
total diffff mrtna in the fackti of the rfEpflpte r| l Du- twi* - of ihv 
clmiii suggfflfe tho pruvjLloim of altogether dith rmt pkv^ nl and 
gcogrtiphioal condltinns in them, and iiiiiioatei that the two area* 
(Tibet and ImliiiJ were from ihtr ciittiest limos separate and isnder- 
wcut uJtogethpf different gooloj^ool historic- 
HomotMiS—With tegarcl la the homcit«is of the Vmdhyan 
ayvtviu there exbla bohuj difT^rpties of npiiiion. h miu it« IiiIh>- 
logiunl ngm-Msenl wirb tin fijifciliferoiift i nmbrian nf the Salt- 
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Hmtix^, Yredmibiirg luu coiisldrTrd it to bo Cambrian- in ages whila 
Sir T’ If Holland regarded all tiio tmfos&iliferouB PcninjsuMr form* 
niUim rating above the ArobuMii-Dhanvnr complex as pre- 
firobriiin, n^upyiiijE iuudb I bo name [K^ibon fl-S- t he rorrtriqn 
Nuirlfltafie of Scotland overljiag the Lewuian gneisses* anil 
grouped them in his Purun# group* The Purami group of this 
eminent author include tlio 1 1 nm et amorphoticd bill more or Ins* 
distorted til id folded rock-system that mtarvonwa between the 
eijHialliTio Archaean and ihc fox *Hifomns younger systenis of the 
PeidfOuflii TJu Parana group thus fornix n *orb of transition be¬ 
tween the fbUitJed cLtiii die highly metamorphosed Dluinvar and 
Archaean gneisses* anti the fm&Mbroci* Pakeoznic aim in. It in 
dll .fir* the major |ww1 of what, in the early days of Indian geology, 
was ealjod tin? Traitfitim System Tilo discovery nf tin? few mi- 
doubted organic remain* and rock-aggrogat-ca suggOStiva nf this 
action of lifts both in the Lower and Upj m VindhyaB turn lifts 
this mdt^ystom fnitn tbu p^OamlnHiiii to im mdeJkdte horizon 
in the Cambrian. Future discoveries of fn&dis may prove that 
the up[n?r part 6f the appwnUy barren Funnm* of parts of thus 
Himalayas h+ rvjJk flower Faliu-i janie, aiitj uwoi its generally 
[mfcwdiift-Ttms character to noeidLiUnl circumstances 
Wc have ^i^-n in Chapter IV that the -mmv author hm linked l he 
PWwar with the Archaean ayst mm w reeogninmg, in the unootv 
formUy that separata* the Jcuiiifir faun tlu- Pumnu*, a far wider 
sign ilka a s:c and more extensive lap^- of time than in tliat which 
separates tin* Archaean Irma ilir Dluirwam 
TJu? following la 111*' allow* in outline the ** homo nf dn^sifn-ation 
rtf the liidlmi formation* adopted hy the OiHifogiciil Survey of 
India, llw dlwdflmtjon of the poet-Parana system h hi baaed 
upon tie rcwognitfou of the two njr^t profound breaks in the 
continuity nf that -cries of deparite. Tbr*a braaka or ,! lm% 
tntoTTAh " have a FnhiUrfumfcal meaning in the gcologimil history 
of India; iln\y denote period* of great crust-movement* and H n- 
nkin, and mark Lite tmmrntSK*merit of ntm era* of fife and wtli- 
niCitation The 1ir>t break was -oib^ctpimt to the Vincihyntia, 
and is universally nl^crv^d in both the Peninsula and the rstro- 
iVnmimfs, Tin 1 other is it Hutnewhat Ibm pronoum*;d break at 
the lii&e of the Permian In the extra-Prruimtla. In n il the other 
areas nf India, the port Yjudhynji break i» the moat. momcnUn^ 
and uni venal, ami eum|rti-hniirlii n hug eyeJe of miditvinided age^ 
frurii liie Vinilliyait tn the t J rrnio-J 'arJintuft-ron^, 
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OHATTEK VJJ 
THJt CAMBRIAN SYSTEM 

The Cambrian of India—Marine fcadllforoue rucks of ('Jimbriin 
nge hit found in a tlurk fieri*' of simui ut three places in the 
pitm-Penlu^uln, each nf which dutinmu u diumpriuri. 

The flirt and the most easily nm^ibk lotMiJtly is the Sult-Kange 
in the north-wr-K i'unjnb; the mwoA in tlu* vt-moto distriH. of Spfti 
in the northern Hiim Uiyws, ill the district of Kimgva, ln'vrmd 
the myEtfiilinr- nsb of the .MimiihftjAfi. *Vh& third area ia the 
Ifrinimulu district of Kashmir. Tim* tonka contain wcU-irou-rveil 
fewdb, and henw their age i* nn longer a matter of vonjmtore nr 
hyptithesis, «fi was the exist with the Ptidruular forma tkm last 
rfcult with. 

[The -The ijaH £<anga i» tin 1 mont impt-mut Imoitty in 

India for the study of physical *v% wrll m ^tnttigruphit^l geology* 
fiituw v*ry imu-Iy tinu* it Inis aitmctnl the attention of (rouloghts, not 
only bf^mise it cuntfilm a vury large jxjrtiori of tins fotsailifelXiUS strati- 
IImI record of Iht" Indian region* hut because of the easily amfissihk 
nntuti" nf if mi deposit a Jimi the with which t II-:- Yunona geo¬ 

logist formations air nxpewri in its hilld, Bouitfoai th«- air.irigrajihiail 
and fAulaomth^pgicsL tnt+Tv.-.|, there e+ inscribe i in it* kirn-Ti oHff* /und 
dried gtilUn* siorii n wealth of ifdMiyiwjnieal fihd ucltmie illu»lmthjiLd 
ihiii this imjKHiEx^ hue uf hill* umi fitly Im- nillwi u fk‘M m u seum of 
geology. Hie- Sulk Range In a continuous range of low* flat-topped 
mountain* rising abruptly out of iho Am iHinjeh phin*. f Vhi* range 
estench from long. 1V^ to 71 1 E. with iui approximately vant-weat 
strike, front the jbcltun wealwunb, through thE- Imltw. to a tong 
cUftauee 1s*vutul ¥ mtdrrgnfcg where* it rh^ IthIii^ a deep bend 

uf thr* strike to tlir Auuth^wrat. In id! eewntinl ntrueiuntl, strati- 
graphic*] u - iu II l." phyaiogtapliiiii folium* i\w Salr-Umige uffrn a 
striking rati [rant to this north-western portion uf I Ij• ILiinsluyi^, which 
rw Jionlly fifty mltm fart Jot north, The two mouiitnin-nnmrg thus 
in 1 long to ditiV'o‘31 r urtjgrMphlo fiyflftUit iltugptlu-T Tin? pfwiuujnt 
Hiruitnml p^nliarity of the S^]t-Bart.ga in Tl.. tnnrr m If** l^vrl platenu- 
top. riidint ilhniptly np the ^\iw tklfi la a long linear ^UNip^sqnni*ut^ 
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and cliffs MviMiiMitiiitf tin- Punjab, and on tbs <«tk*r tuirtiirrii -Hslr in- 
«-lining gently toward* flint meting into ihc high patnnf plain*. which 
tupfrecdl »i »yncliiuil trough Wwixiu \\w Suli-Jbitigi jjs id Iko K*wai- 
pimti fbot-hilfe, tilled up by Tertiary detypriit*. The gc^eml iUp Of Jbe 
vtmm is in ilit north dilution, from und of riic range la t.he other, 
Tho#, it if* i in the north tain hr t h r+T tbe ynung^t Terri inn- molt* of the 
mountain* are weeih m riming away ftom ihr *n^ji ^ jrpmenL wliilir 
it LU in thus*- Hlei-Jj mmrpmmM that tfai? nktatfc Pakecttcslu formation* 
art' Tbo lint' of high prvuipilous chit* 1 * Loienutod by a 

number of iJrtp gullii-s and ravines. femur of tfnni deserving lb' imme 
rif carton-i, affording sections which digtincUv n veni iho inu&r aruhi* 
lecture of thr jimgc, w* n Hi ji.h the drtuihi m ita *miignrpliy. Ilicm i:- 
little Tpgdtathti of wrering of ilecc.rtifKr^-d roek or mil to Fildr tlu- 
iJctaUs of thw mt^rrioiiA. J^trriiSFB heap* of talus nr ni^vQ'tkrpcilti 
itf¥> w&n nil Along the *mil Iiltil foot of the mii^ ai tins of the boh I 
bare fliffa 



Tin. flC^^fcion jEhiElmi tug tjv gflnflrpt slmirlurv uf ihf SalidiJOK* 

\ Blockst^p «.:t Lei jl cViir t'ln/utai) EIktl I Kii«S ■ 

J2-13. Siwiililt 4&np|ininfK Hint ^ayi (F|iprr TrtrtkfvL 

* SlflpTM'Wlftn piUtrlirt EiTfcfi. 

3. Fw'd*. 

t r l*tirp4o morton 
H, iJcitamito kH In fU3f ttmrl. 

I Snlf- marl mu I gypatiin, 

Wjuiw'p 1M * tlr, 

Tim entire foisgtk of the range to faulted In n most- dtHrUEmalter 
fashion by a immW oftranfiTc*^ default* lute wdl-marked blocks 
(bloek-Ktriiefnrcj. I Fig. 10). These clean-tut faults I blwk^* arc 
emujpmuons to one who Jodfes ftt the mnp^- from the pitting Ui*t tiny 
nuii Ihf gejiurated out> und tlio ituiiu itefiirats of tinhf eO ji p p Oilfe trt l recog- 
nbcrl, from great rfismtiiv*, *1 num places i3j.^ fault- are of the 
fcyp*\ nooirtiitir^ Liitcn^ifii?«J into thtmt-planoa, wlilch hivtr 
iNirtrilinvd .1 creat dcaj ^tf ctnupiic^tir^js into tile atructun? und utmti- 

gmphy uf thr.- urr-pi. |Seo Fiirs, 10, U, ^t‘i and i h n 

Thr name SuTt-Kanga is aptfy drriv.-l In mi ttn- cimuratumT tI..iI 
its lowest cajHpied rock contains largi t*cd>< or It-nsw pure c^rnnum 
#Alt t all ihrcmgliuur its extent, in thi* way Wl ImnHinse qtumtity of 
it mihrditad and nvaEbiUe h-r ^xtnietiwa In many part.^ of 
thiK^r mountedi^-l 





Vw* rtPi™ (b* JWIat mutpftvm Klwm tw GAndltg^fl S«|i • rUnfjr> 




















THE i AMJiRLAN SYSTKM 


I II 


Tie Salt-Eange Cambrian—Al> the vaetem extremity of the 
Sult-Km^r a thick tftratified fHtries of mck> oceiit* hi 4 conforms hie 
*equenre. They Jirtr subdivided into the following group* in il^ 
unles of *u puff Motion (Fig. 11); 


fiiati-pto udomorph aha!**: 1 

wtt. 

L 


Bright rodorgmai Buggy argilket^m < 
bet1#* witii ttublp aiay pteudHiiorphM 
of 


.1 f i-.^pVirp an n j/rfewr: ; 
2» ft. 


Lamihateri white or cream -whmred 
bandjHtnrn^,, often dolumitfe. 


Stubdu* -■. 

too ft 


Par^r jfl-mfrtiuuc; 
ltt> ft, 


<tfry or dork-odrciftd thttlfe* Ofittam- 
in# hnu-hlopod*, triJofcitrt, gantru- 

pod*. pU . 

Dark rod or [iurjU-bfOtn a nib 
bodded sandstone* wish maroon 
coloured -dialct? at tie b% 


Stilltyr AFftfi; 

11100 ft. 1 


Stiff clay or vnnr| k mainly dark mm I 
and vrrniilhTis. with Abumitfit 
Mims nrnl *ak H mid thin bed* of 
dolomite. 


The Saline Series —The age uf tie lowest group, coinjm^rd of 
*ait-tmrl, gyfweoiis marl. Milt, gyjHtiin. And dolomite, present« a 
difficult pniiUon w hicli bna long been ntib 1 of i he major OOnfro 
veraie* of Indian geology^ Tie boundary hemin-n the Safi no 
writ* mu! the overlying Purple Mmchstum' m mitali fliitttrbrd mid 
i» undoubtedly uni » regular tine Thi* fact has been interpreted 
tn differ* 1 in ways; unt? view i# that this disturbed huLiiubry in 
merely the ranlfc of diffbrtintbJ movement between two very 
different type* of rmJa—l hr very "competent ” Purple AAnibftones, 
and the Aofl, plf**tf£< end 11 iti etui intent ' ta*d* of the Saline 
Mftbm\ A llot her iziterjiretntiufi uliemm the tffetili nf *nhi£iun of 
mtine material and auggttftA that til* in* Jnl to the sevens din- 
turbatuse and braedation noturahfr whenever the Saline bwim ih 
in eon Leaf with cjt her A widely dJfFnrenf taterprafotitm 

hm })&?u put fnrwnrd by nurwrul g*^logifiH h and I* ntipportaJ by 
recent work. It ie that tie apparently infra < Umbrian poutlbn 
of the SaHne Belief ta due to n large over!hni* r and that the *ait 

marl ami itHennaied beds are irally of ft. lie vgr fi .Subm lui- 

found mirro tVi^nilh of nngio^perm plant* embedded in the 'i»ll, 
gypsum and Associated rooks from differmtif outcrojin of the Saline 
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wnwj. About, tlm mdigMiiot nature uf those inip-Q'fcrtib. law- 

rbl tt» tai* wa«w» of (rypsWJtt ‘ n *• w*t«T« part of the- ..mm 
Salt-lUrtgB^^rtwrt. it borders ou iho liulua vnlfoy ait- <4 IjUu 
< Vot*nr) uft.*, anti altlK.lmli tb. Ogr of the gypmm^ r)f til “ 
cent™I intiT ofrlm mnfce «maot bcdiretftfy .>»mhli H W in the *urm 
wnv . ii ,wnit n rHasmwljUi sumption that it is of the same ago a* 
th<? gypsum anti rtarnwriiilrd bcn-Jia a short riistann further north ■■ 
Mt «.m Um uthrr hand, ha* found oridwcn which is n> 

„ a Mcd In nun; gt'otoRwU ^ e^bUdiiiig the t m ^ 

Snlinr- .pries The Tftlnliir biiuHrr-b»h which m b miotmfOTm- 
a hh mi ilnH 'aiiilntaiL when W.NWV. fmm Khewrt is 

to lie on HUfloesdvtdy tower members of the Cumbrian succession* 
pacing from the ^n-prudcmiofpii beda at Khnwra to the Mag¬ 
nesian tmnhtOMi, ihr Noolwhi* b«to and Iho Purple wwidatono, 
and t hr nee on to the Salma ftarie$ near Sakesar* The contact 
appear* n* be an ordinary ^Jmienlary junction taid pebbles of 
roo | 3 froni thi-Salim* wtrirw Oc< iirin fcholui^illalchirtoagiom^ote. 
If this rmdUig of ihe iwrtfofl t* AOMpfod, it follows that tin* Salrne 

seriis in ptf-CnrbOttifcr*m* nl ]«*t, Aiuo tliu Cambrian view 

derives Btntits fujiporl from the Juy* Mair Ixire near ChnfcwnJ* 
whtn- r. rh*p rid taring pftassd from the Purple sandstone to the 
Hnlino serif-; nt 8800 fret. It Isa- liWuvar burn sweated that 
thin may hr an intrusive ernatmirt and not o sedimeiitary jo nOtion » 
and that the evidence does not necessarily imply a Cambrian ago 
for the- .Saline series 

[Jitesai EJUewro, the nrcuinutatkto of gypsum and rock-salt is on & 
large wiiJp. At thf> Mayo Sab Mines t at Khfprra, thi-rr b a maai of 
intfiriy pun?- cTjfbilliD*-' \ uf h lisjlit pink colour, with sojik 

aeamB of impwe m 1 earthy mil (Kidor)* of the total thkteiiMi of ^ 
feet. Aborr tills is arariher \md uf tin thiekn^ of 250 feet. Tlif 
lijupiT d*p™t is not m Jrtim UN Iho Juw tr T lor it eordjiins more inieT- 
i’ ala l In tin of Kul qf and ii oi£i^:iiit^I with other wlO. w- calritllfi sal' 
plmle and taaguouma, potssaiiuu. and caldum florid es* in greator 
propartforut Thu lateral eatf i^ion of the s&lCbocts up pears U ■ he very 
i^reaf ^ amriunting tw wv^ml "pinre rni]f?s in .ifr». and tJiefe is ihn u » 
very lutgp supply of riU imfn l.b-r Khwwra de{Kwlt - To tJib mu d in« 
ftildnd th«- mi!t r^mtsUMiii in the irri iniirl at nther part* of thn nuujt!- 
:smi wwlird in ^ viT^f smaller vlJiu *. The uastwiiit^d ey|rtotn oocurn 
ih h r - w iinu-m cmd nh.e: Ln >njallf i 1 m 1 1 -; iL nxUyt^ ..n irregufar SpedilmK 
tkml voj-jf^ greatly in purity mul in ilrgn^ of hydration* passing nt 
l imes into anhydrite 


THE t'?AMH(tTAN 8Yffmi 


143 

IV origin nl I In: mj# mwl i rifd kai^tret with oTtAinly Oldham 
that it in an alteration inoduii nf pi>--#-isi4fJug aedtpienifi by 
the ncUou of add rapcntm and sululioiib Chrktfy ha** bttntaM forward 
evidence ttijdiuwlhnt I In* u&ll and £yp*imi were formed by the evapora¬ 
tion of aaiUM'flwr in inland or cnrional hadjia whit* were inr^rmitrendy 
rut off from ihe main oDCrtUi by harriers The- rrd **Une earth or KaLir 
s&amt am hold In ilidfcnta ihr liiht pfjtjjje nf iho deaLrciithin of the «e*- 
bed: t!ie pwtaTCnifti of polaaritmi mb* nu<iitiuni*l bekw, junt under 
n»tb thr KjJojt, fr paiatod to tu further editeucp m uujiperii of the 
flTApDmiion theory; Itir. in n Fro lia^iii lie th ■ iv o n ljt 1 1e *1 lvu t i u n „ the unite 

of potAi^iUtH ELTO UlP kil£t to \& pTCCipil Mttl, illttT EOIirly l)& prf ' ITU 

of the water h\\E evaporated' It is argued t hat the ptodihciiiaon-plain* 
which won* ongiEAhy prwenlp both ifi the enduing marl and in tin- 
■wilt, huvu tesjii flhtftemtod fititwqiieull) 1 by nuptzrikual ^jgemifeft m w*\] 
aa by the n (Tecta uf i omprt^ii>n mid i arth-moyejmmta oil a 40ft photic 
«iib*t4me£ Uko tiie JaarL 

Thor* is no doubt that uJthough much of the Saline series outcrcp Li 
devoid of clear st rattibftiiHJi, other parte show the cluarfiet dlijK sdh ri 
of t bo different ronipOMcnte of the SjiJudp series into i llntinr-t hr «!■■ which 
are of sedimentary origin. Tin's s- particularly shown by f.hr dnlomjli-. 
and * 1m tens uuocbttaJ with the red rnurh and liao by the bund# of 
gjpmtm mill mdt. This pfiitntneut strut ideation Hhrnr* that bypdtluHvw 
bimed cm an " igneous " nr M fntn ihrinfl ’ origin arc innpplipahfc. ftnd 
that tile Saline aerie* la in the main of ^edimoiiTmy origin Neverthe¬ 
less, the diHcen’try in Kotini und in the north *wi$rt end of the Sa]i~ 
Kud^ shows that, tin- gjjisuTn if—At least in part —iin iLltco , atiaT» pro- 
dim of iimnitone* Th^ iptim*Cv asMnciutk^n IIme*1oi« mil *hah« 
ttith the Ltyj^um in the Sol i^ Range U etosdy puraJJekid in Kokat. 

Hcot wfluifif—H ip coqtiondo impoiiaru^ of tlie nwlt depodtit k jrtiNit. 
a* they prudueo about 150,000 ti5ti& of salt per jwtr. Beside the 
i hlnridc! of Hodimii, ihorr are found other satis, of u-e in ugricaallnre nnd 
indue tries- Of t h& bitter the imlte of P^tmium (BylvJte, Knlrntr, 
ffladJte and Lniigheiiiltelp which r*^ir fn mm& tin^ rlyoiy Ixd* of 
mi earthy anlr# (Kata), ^re thr mnst important U^i^hra salis 
are J^xmnjKe ami Kie?^rite ] 

The Purple sandstone — Overlying t'hr ^-dt-nnj rl, but in « me'-i 
irreguittr ami iiioc!intiicafh T distorbed mnnnrvr 11 rterhs (if purple 
orted'Coloured ^ambdonen. Ilia junrtiop-plum* Tietw^ii tbr t\w* 
series of tdirata is wj diaeordant that the innr[ i*p|war=. rn hnvr 
intruded Imlf into the lower bods uf the Purple Mndstan*. tine 
Purple sandstone itf a red or pufpJa-ceJnunjd of twidstonr 

bods. It i s ji hijjillow -wuter dejHwdt, ^ cue bo frnni I hr 
frequency of oblique lamination, ripplc-mar ks and atm hi packs. 
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□tui mirli gUEfiuii^ mark. n* rail) prints. wnmi-biftrowa* tannid im- 
preraiuiifi. etc. The lowef Ipods lire iirgdfncwiin* being known ns 
the ‘‘ Muroon inhales gradually Iwoomlng more arcRUcrrrua nt 
the top Worm-tracks and fiiocild rnurks are the only signs of life 
in these rocks. 

Neobolus beds —This eitsse siiGi'oedeff by the most frnportanl 
beds 04 the riyatenu a group of dark micaceous ahftb wtth white 
doloinitiolayers known ns the *Y abahur boh, from their containing 
the foam] bmohiopod NeoMua* Other fossils are lH*einol?ph : 
ScAhophali#* Lakhmina, Linguh.Orthia, (Janocrphahlt.i, Rtdtkhin 
tu irilohite resembling OtmtUvs) and the prubuhlo ptt-rojpod Hytr 
liifiM The bmchiopodu and txHobjtos resemble those of the 
Cambrian of Europe, and hence the tfcobdua beds stamp the 
whole ommected scrifsi of deposits m Cumbrian. This division of 
the Cambrian of the Salt Eange m well displayed! in the hilt eur- 
mounted by the old Kkusak fortress fat the neighbourhood of 
Khewr&, 

Magnesian sandstone stage — Overlying the ft eo bolus heda is the 
Magncsinn sandstone stage,, a siiiidstone whose mfitris is dolomitio 
and impart*! to the took its while Of cream colour. There Eire 
ntao some beds of dolomifco. among which nre a few oolitic or 
pjsoUticr bands. Some of the t>eds in this group are very finely 
lamina tad: sometimes a hundred laminae can l>e counted in the 
thickness of an inch. When showing obf i q ue lamination and minor 
fa idling m hand ,-specimens, they Form pri&e uperimeus In a atu- 
dent h collection. The only fossil contained In these rocks i* 
StirtMca^ a lower Cambrian mollaae. Asides a few uiirecngTiiiiahle 
fueoid and annelid marking. 

Sal I -p scudomorph shales —The Salt f^x/mcloniurph shales art* 
bright red and variegated >huh:n with iKiridwiJrlcd sandstones. 
The name of the group is derived from the n tinwm t^ pseudoiuur- 
pbio easts of large [perfect crystals of rock-salt very prominently 
seen on the jdmlC'partifigH. It is evident tint these ntraita were 
formed on a gently shelving shore which uajj laid bare at eaeli 
retreating tide, fn the pools of salt -water on the bare beach 
crystals of salL would ho formed by evaporation, whJcali would b« 
covered up by ttm sediments brought by tins nest tide. Tim 
cavities left by their suhttequouL (IksoJufiun would be Hlkd up by 
in lilt ruled day. 

Trans-Indus Damhri&u —In the of tb« Sail - Hango. in the 
trans Indus area, (ho Cambrian beds are seen iii-ar ^uidiiwaii in 
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the Kirri-KliMor range, The low^i. beds nre lh# Ptrrpf* sand 
Rt^nen of tfar dalt-Range mccerekm bur higher to thr sequence 
tilietv are massive gypsum, dolomifo, and bituminous shales; tins 
faciei time differs smiiowhnt in lithology from thr cocx py pp D ilinff 
lieds in the upper part of the Cunbpun sequence of fiha -Salt- 
Hange. 

CAMBRIAJtf OF SF1TX 

In the Spiti valley* lying amid the non It-eastern rangoa nf the 
Krmgra dbtnnt, juiiI in soiiitr adjoining parts of the cent mi 
ifjinafuyas, it nearly complete sequence of fossiliftroui Patiwoxoic 
and Mesozoic strata jh laid bare, in which roptwentafivea of al l t.tip- 
geologioid & 3 U tenia r from Cambrian to Eocene, have been worked 
out in detail by a number crfjprologfait*; since the middle of the last 
century. 

The SpiLi area, the ehn&m ground of Indian geology, which will 
recur often in the following pages, is in general a bmwl syncliimJ 
ItasEn (a Orm^todinn} which eontftirH tfm -stratified cfopoaits nf thv 
old Ifimftlftvnn sea, repreaotitiiLivr of lhe during which it 

occupied ih e northern Himalaya!* and Tibet, 

Tito it; of Uje ayrichrie is north west -south-oast P in conforruitv 
with the trend of the Him alayas. The yam igt»t Mewcxoicr fumm 
lions iirti, obviously, exjwnwd in the central part of the Win. 
while the successively ohler ones are laid bare on tJir thinks the 
oldest, Cambrian, being the imtcriisost. i.c,. towards the Punjab, 
Thr dip of the I utter forma iipna is itort-licrFy in the main, i.G. t 
towards the interior. All thofem formations an: fusdliferou^. !he 
friR 5 tils being the means of .1 von precise carralutmn of these sy-- 
tenis with those id Europe. The student should commit l>r. 
HaydenV memoir on Urn geology of SpiU.» Hayden l a rernmvAitn 
have i!Oniribnted a grtml deni in elucidating The Palaeozoic 
geology of thia region. 

The Cumbrian of EpitL Cambrian fossils—The Cambrian uf 
Sjdti resin over the highly metamorphoaed |ro-Cambrian mtim of 
scliiatfl (the Vjiikrita sertei}, wliinh hi turn am underlain by what 
have been regarded ■' • fcfer Ardmoun giidascs, Thm® in a grant 
thinkm^ of highly Jbfiid and disturbed sedimenutry strata com 
pi lining the whole of the Cumbrian system—Lower. Middle and 

rpi rr KiilH* rrjuuillf N.W, 1- m * K 
l^twHjn lh* PfilLi i iinjob WH I’ihrl |L*t. 

*T !«'Uiii fr ;« E.J 

4 Afjui), vat, ixtvi. pF i, i uitt, 


* til* yjriTi m w ki A fribnuKiy nf liw* 
uf rnuunlMtitn winch faiisi 1 In- ht; unitary 
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lT|ip4^ T Till 1 !- H .1 j ■ hrJ iuii* bi'fi-h Jliilllrtl /fo i MM7 fllftf. f r p il'lL If- *lt % CUP- 

xmicf p in bifth KDiiv-onppprl ] wuis. Hu rompum-Jit rotik# are 
liHiU'jjittEEv Eir^iJbnxNiiin mill dUeeiiiir fink* Hiiob tainted imd 
quorfrit#’ Lkt LulLcr occupy tin? fullowrd by m! mid tilack 

elates, with nnich nhoktsed Jtikojn Atilt in (Jim former and oar- 
matter iu the ktlcr, AI tlio \op are agsiin dlmeon* 
slates mid abiiW Inter bedded with dolom ife. Tlio upper portion 
of lilt- group, U.IIL*ULuting a thiflfatw* mF noma 1 200 foot, is foasiti* 
fiiruu&, A fait k a bun dun 1 Caiulidnn IhimA hue Iwwi if&wovered 
in it, of wliieh trflnbitfce form the chief element. Th e folio wing 
'±n- the leading gtfmmi: Ohn u*, jhjm^fus. JMicmdiGttv*, Fttfchaparia 
(iiiiinv upeck’js) and IH^I^rphnJus. Among the other feodk am 
the bmtdiiojNxbi A-raj/u/W/u, dad fJhj/«fAi p and > few orinoiii* 

and gastropod* The spude# of the above-named 

gen ana of fossils *htar dear affinities with the European Cambrian 
forms. 

Tlie most complete dotd up men* *>f Lio -h- slmbi n etpcwed in 
the vobc-v of the Parahhv, u (rikiUrv of Lin* Spiti river. (Sc* 
Fig. 14, p_ I5G), 

AutodasLic conglomerates- -£omr c*iiigltj(in a riiffl layarn among 
the sintes ore of inu-rt^t bcoatire of their unmmnum mode of 
origin. They am not ordinary tili**tk ttm^bmntnUn of 
mentaiy derivation, but, according to Mr. Hayden* they are of 
** antodiBtio " origin, i.e. p they were produced by the mi ill mg of 
T&mB of quarts into more or )n** rounded fragment or ttvM atai 
*c*&tmvd in n fine-gnUnod infaMisfiii* matrix, thi* latter having 
been formed from the slated 

CAJtBRlAN OF KASHMIR 

Fo^sUlibrOUs Cumbrian, roelu 4ir developed on u large an*]# in 
the mountains uf tilt Barannik district of Kashmir So tho north 
of the Jheluin. forming n broad irregular band on the north limb 
ui the FaJ&eozuio Itaain «>f Hernia war, 

Bqpn ihM—Oihic-fJyjRg the fcwihfcnm* Cambrian of Kaah- 
rjjir eunfomifcbly, and nt purne tuculitiew abfrtdrig a tmiifotjonnl 
paifsagi 1 into j| t tlium i.* a thick znnt? of slaty n>ok*;—argillaceone 
elmvage with gmerally nbliqmt cleftTage, with thin sandy 

iif qfitaridtio nflon ripple*marked. Hi^v nn- quitet fm» 

foA3j]iferciUfl aiul ihiLir exaiti hfiriron, whether Purenn or pq^aihlj 
Lower Cambrian, i« unoert^in. EJtholo^u^Llly identical groups 
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Dccrur in Quam mid Simla, njcKjgaiaed im (he //oa»r« find 

Simla 

Hs?- Pugrn aUh-s occupy long belts in «ho Fir Fnnjal (where 
ihr-y are McbM with i groat thiukno&a of DontempDranooiib 
banio trap)- till? Ki-huujrAiigft vn3b i y and in Hawvl. 

BAmiiA of Palaeozoic: rocks—FuswiJitVrouH Palaeozoic rocks of 
Kashmir occupy eloilgatod ettipsc-ahaped jiaichos of the country 
wirth of fchn idluvkJ part of tin* valley, at retching from north-west 
uf HiindrtwAr to the autftiM&st end a f the Kashmir sedimentary 
1 ha*\n p \ whera it merges into the Spil t bon in. The Lldiir valley 
development i# tlit- mum typical* Tbr lorn axi£ of this ellipse, 
inirih-traiL to *otitJL-£tt=tl r ouircfcpoiid& to Lite axle of a hrnud ami- 
olii-ml jtrxnro, in wifch the ulude Bcrira uf PdaeOftria rocks iy 
folded, Denudation lias exposed, ui the central part of this 
atuMiiiu], a hpmd oval mitcrup uf ilu? most ancient fiueiliferoiiE 
nvoka of Kashmir— I he fnmliriaji mill Ordovician — tanked on its 
twosidt'!' MTiuecssively In tlurtner bands of the ymmger formation*, 
Silurian. Devonian and i Viibuitifcrou- (set Pi VT LI)- A dtmkr 
section in exposed In the Snamoi anticline of the Sind valley 
between Snuairiarg and Kokhui. Pilfebtflfe Wdfea, especially of 
the younger syuteius r are nfeu eoitBpfcnnns in the Villi dlftdct* in 
emit Kamah, andj to a toed dcgn« T in the Fir Punjab while the 
great Mfii^ of volcanic narks id Upper OaxbdttiEbrotwi ago ans quite 
uhiquitoLm in their dblrihutiiui ovvr the whole am uf KMhtpfr , 
formilit; dm mein man* of the Punjal range and of the mountain* 
bordering the nllcy 1 o the nnrth ivcsL, north and north-cast. 
Another heality which opitmufers a \mn of tin Puluootom se¬ 
quence crrsrlain by the Trias, in the krge aynclhal heain extending 
from the Wntar laki h« l iihuaf The fnlll fe i ravinnrd by the 
narrow *rrmtcd ridge, the Shamih A burl, in tbe atewp pntttpfw* 
of w hich fttv ifihhpljivt d fine -wctfrutit of the Palaeozoic folded In .t 
atopic flvmdim-, the t?rt*t <if the yyiielinn ilS.tKX) fmaj building a 
line of peak.* fnlliru away in bn re mik-face^ of tliotiMnrb 
of fau. 

T iie iitxive-Hamt^l oulmpi of Palaeozoic rooks, Itmito €*tor 
pilling h hn?i? rtecfinii nf ^''logical Inn ton, within a ^mull com- 
pm*. are nf important!* in illuatripting the simple type of folding 
ami tectonics witnenead in tb>F moraUm*. HV diall* hmvcvor; 
we later that this part nf Kuabmir ha* undMgovlr another kind uf 
teclttftb dbtnrtwnw-^KpJac^motrt of the naturrnfa thrust ahect 

[X<*P1* M7). 
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RiHikn of ihi-i Hy^t^rn cover mi i'xU'imivr tnnU in iliniihiw.ir, at 
I he nmtll-Hr'eit estnnaity *,f llir Kashmir vjdlcy* The Dugrn 
*lfihr pa-* upward mtu Jm|*'i*fi*<Hly nlwul and fi dinted clu>>, 
umimseoua hwls and preywaikeo, with a frw lenticular tirnmm**. 
The ripple-marked anrfacfti nf the attain are «dun full of Offlurn* 
luted ronta, tube* find bnrmu* uf iubi^ikm^ IV-rsur*. varying 
from tfaittub to cylindrical pixw* reaching - inches in diameitfr. 
Thw Ik^Ijh \tftm up imperceptibly into maodvr citayn of bright 
hluHE- colour, Mnjily slate* and oolitic or ptoditte I illusions. At a 
few sjinnuiic alte* ihiro occur CFtim!* of Tlitahlf** and gboluecuus 
hmchippotLs, which have ytalihri Fauna nf Middle ami Upper 
Cumbnrm iiflmii-ieiy: 1 


NTH^. 

Cfj'wtvorf/jrj/j *r. 3 aperifl#* 
TonkinflFfi 2 eipode*. 

[ rt.WKWi Tf „ 0 BpOtKC*. 
(Ti/Jwr^iVi. [I 
Sttknoph wwi, 2 ajicdca, 
Bhnintift 
Ptyck$}Xiritt, 
liiiiitfiuartlbr 2 ap&cioir. 
Saakifi. 


Pteropod: 

Ilfolitlm* 


Brachiopod*: 
Gbohts. 


Orinoid: 
So. myc: 

H&eKq* 


LimjukUa* 

Atiroihdt* 

Liwjuhijnj., 


Thu iiKwt xjiitcnfifth>■ !’.-.. t ure nf ilii : f-inrin ^rofiluij.- t.> Hr, 
Cowper Rwtl, 13 iti- strictly ftiwindal character, allowing im 
affinities with the adjacent Cumbrian life pffovinCfc* of tlw Halt- 
Range, Sjijti, or t ha Poison i iiilt Umv nf t]u> *ixt<*ii prMra uf 
Leila bitesfound in this arpn anti all the Hjwjips ure nu* . J he wltul# 
fauna thus is markedly endemic, hnvinjj no relatiwMhip with 

■ Wmhii. rtf.-, (TJiJ wL tsTfli |>> * '«* * Vnrj^f ttft-l, Mi*. X.fi 

Vfil, lal Mens* % 1081 
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xidjiu!fi>( Indian nr ntiglilHiiuini: cxlta-liiilmn (tiu , inw: On tbo 
otter hmni. tin? K«diaur < Vnnhrinn fmiii* ^hlbi*s ulUaitiu with 
the Cambrian nf liido-Uluiui* 

Nil good Cumbrian fauna luia frumd m this Uibxr, Sind, ur 
Villi area, where tlir fi^iliferoui Silurian CxhJhJt* a emfortasblc 
passage down*into a thit k group of knutted, eruddy foliated 
slat^ and arenacwu* l-ed-s greywacke#* etr. In the Wardwua 
valley the samBtoeki rr-Tippeur by n synclinal l^tnling und<u ueatk 
the younger strata of the Intervening ground Intttwu il anti the 
Lirfar. Here thr Cumbrian abitisa luwe a phyllitic or flphhrtqW 
aspect owing m cmilMtit meUmorphimn by granitic rntnudoiis. 
In Iht' Bunilial valley i»bfa> Lh* Cambrian* shew a eOirarkrabJe 
auiuiiTit of foliation; beytttid ainudid marking* and tmliafctnafc 

|itoroiK>d shells nci dl^tuftniiiabje Rusili* Imvn Ixeti found. 

.4a wo hove to turn ofb n to thn Himalaya# for study of the 
ffiKKtfteaive marine format in it*, Palimoioio to Tertiary, a low noted 
of historic and gonam! informal am on tlm strattgrapluc sequence 
worked out m pattH of the Himnlaya# \ Kiudiudf-EaEnra, Simla- 
Gnihwilj that hare bom titom exphued geologically than othum 

are given hen 

Stratigraphy of Kashmir 

K. Ljdnhker in the nighties of the kat century imvde a gon- 
Iugioal butt*- yof Ka&bmhv Hu* ti-m nit a were pi lb] iehr-f I in Jfcwarn t <* 
of the (.irnlogjrnl Sum y of Judin (vnh sxii, 1883). Lvdckker in 
hit pudimimry aurwy grouped all th-> stratified fqmifirioua of 
Kuahinir into three broad divinirms—the 1‘anjal ( the Znm-kar and 
the JtorLiftrygronps—t-he homnt axial relation* of whose ooftstituent. 
series and fywbmim wet* not clearly distinguished hoca uwl of the- 
absence of natidaetory fossa! evidence. jUHdbmLsa worked in 
t he sa in v field from I £H IH-]1>17. + 4! j dd leffi ms f a resell n.'he§ lutve re - 

voakd n B^rica of fot^iUFernus atmta in different pirtr^ of the 
provincej Iwdorjyjng to various div Lnona of the Paiwog^qki and the 
Hfieoxoitii winch have him to inakc n mom perfect alimsi* 

fixation of the Kashmir record. Thus l^e has revived what wa* 
formerly one coiuproherisivc group, the i'aujid ayatem, which +:-n- 
oompa^eil almost the whole of the Palscoxmc sequreice, into no 
leas than -<eren well dehucd Ayat&ms or seric-q. the rcpn^eiitntivea 
of the Cambriani Oniovccicm. Silurian, Devonian r f.-nriKmiferoua 
and Pomnan. and the itoiuotaxml eijujraleute of I hose of the 
etasde ground of Spiti. 
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Of Hit? Heao&afc tiyateniA, the Trim b tho beat un^i mraU fully 
developed; the Jurn^ia and Crd&ertms outcrops am few arid 
mostJyeordiru'd ter tin? mountain* uf Lmkkh whkh hftywawmwly 
been systematically luureyed by geologisti*, AU this Tertiary 
aysfems me fully represent+*1 la rh* outer mountain* um I have 
\)cen studied fay h number of workers. 

The broad nulluiu* of tin? stratigraphy of HhkuMi ami North- 
Went Kashmir suit similar; these twa rv^ions farm <nm more or 
I mn continuous (scdiiiiEiitary terrain, though now isolated by the 
deep knee-bend of the mountains serosa, the MuzEiffkrabjid 
moutory of tlie- fondanrh A great regional unconformity aitcom- 
pacing the pmod from the top of thr Sihirian to the Middle Car¬ 
boniferous La it distinctive fcjumt? of this north-wari; products 
The soutliciml part of Kashmir hut a eomtijniouji Pkdci&agoEc record 
similar to tlnU of Spiti. 

The account given of the Mim»aiv* geological nysiemt- nfKanh- 
Hiir, in the following chapters, Lh deduct'd from I lie writings nf 
Lydekkec MIdrllemj#i mid Wadiu. For more dei&ilpd infartun- 
tiuir with n-gartj to t3h- whole of the Falu^i&u® group and ihr 
Tzinaaid system, the student nhouM consult original publication^ 
Bee. G.S.I. foL xJ. part ii. IU10. and vol. JxySL port 2 P I0S4* 
For the remaining ayittema, and the faeUmica of Kashmir. the 
present writer's work should be nonmitutl.* 

Large Unsurreyfcd Areas of the Himalayas 

In spite of the large, bhuiks still existing on the geological map 
of lIid TTi mjii nyr^ Teprcsumtiog nearly three quarter* of the total 
[U'imi of the Himalayas, them h« been during recent years n 
eonsMembk' advance in mar kaowladge of the geology of these 
m.. until in especially jil discovering the broad fanes of their 
stratigraphic and structural plan. Except for the immediate 
neighbourhood af Motmi E verest geoltigtofdly reconnoitred by 
ffUCceaaiYG Mount Everest ux^Mnnii, only two tegioufli Hnzii.ru- 
Kjiahrnii" ami Simla-ChahrEtbi, have- been inupl^d in some dftfiil* 
the mountiuti>- of t+arliwal mid Ktlniaon. after the pioneer survey 
of tin? Luc ectLEiirVp have received! only uccu--;jona| attention from 
genlDgiitH^ whili tin untire block of the Ncptd-As»m Himalayas 

1 It X. -\U m tJSJ. toL h til. i ^ ^ 2 - 

lusip yut Isvk in. r. Hist mii vnt i^ti. ^ 2. (waf, 

1 A, Heim fti-ij A I C^siiv^-ut 0»- ^*n^rLP In <hi- KM 

SCark^ insa. 
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except for small ittoas in Sikkim, atiJJ romoiua ^ AffTU infldpttlto T 
Howvar. tliamsulta so feroblainod iti stratigraphy and tectOttiO* 
lijadoAe i\ unity of Atnictuft 1 ftnd minstitiitiori for the whole 'if this 
mountain system from the Indus to thr> Brahmaputra. I ^ 
slowly accumulating which tend to diow that the oom* 

pi exit v of atmuturei and diversity from area to area nf the Alps* 
though encountered in a few Wai patches, an* not mei with in 
Ihn aimu' degree in tho Himalaya^ a ftMJt which, if substantiated 
by further work, will enable n complete sjnthc*ii of Himalayan 
geology am! Orogeny to be built, up in the near future 

Himalayan Stratigraphy Correlations 

Mftlliflott in the Korun nn and Mlddlnmks in ifn- Kashmir 
Himaln-y^ in tdlfi securely laid the foundation* of i li-- fttrati- 
graph v "of the Himalayas. The total atones of fctfstl* in the 
Simla Himalaya inirodniwH grout difficulty and uncertainty in 
correlating oven the broad rfmejuniF «f strata, but of late ymm 
capful study of reiaiive totaniorphism and structural relation* 
of tlin^t-planea ami unconformities has enabled the natural order 
of enpfirptMitlon of strata to be established mure or less in parallel 
with t bo fuesiliformiN *vstem* of Kashmir. The Himalaya* have 
biwii divided into tliiw longitudinal stmtigrnjdileal eg gm: an 
outer or Sut* HimafotiQn =«w, oompoortfl of Tertiary rtwke; ft 
^ntrtl or Himalayan r<w h composed of crystallines and uufos- 
*ilifrrntjs slaty sediment h constituting the bulk of the Central 
rouges - and a northern or Tibstm z&m comjKiiHsd of for*sikferaui 
mari nn sod ini enta rouging from Cambrian to EftH-tie. ft iff pr*v 
Im 1 r]i*- that the middle Himalayan 310110 denotes the central grant a 
olirte within the mo in Himalayan getwyndim. In the- Estate 
Himalaya, t.hw grnntickn&l axi* (approximately following ike line 
of the Great Himalaya range] bos dose to what was the southern 
shore of die Tfltliys* with the reauli. that ulnimt the whole of the 
Tjbofcim rone r* to the north of the range, leaving but little Palaeo¬ 
zoic end Mfkso&ojn stfdinmnts on the Indian nidn of the axiSn In 
ihv Wi^u-iTi Himalaya of Kashmir and Himim however. llic&xi* 
lies well in the north ufwhat wn* M,. margin of the Tnthys m that 
the Tibetan tone e? not confirm! to the north of tins Great Hima¬ 
layan ra-Jig*-' but ! ■- found in iletui'ln d jkitdhi^ on lndh flid^ of tliu 
u )t . TJi n uufuMili forum* »odi men La r v h ystem h of S-j j-ila Cl j . i k rula 
limy l>r r^gxmled ils detached outlier* of Hit* Tibelsftu formations 
uf Spitt, though their loin I luck of fowdln is *|ttL an buxplleabta 
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oirtrtiiaatarice* It ib al bo pwaibla that so rue of tins* tho 

uliliif ones at least, aw tltr anis£e-ner& of the Peninsular Pumna 
formation. 

Hbmmmcm 

ti. Wynne, Gpftlogy nf tlm Salhltflrjg^ At cm. (JJ$J . v«h xiv., KA?S» 
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CHAPTER Vlil 


WfE QKDOVItXUL SILURIAN'. DEVONIAN A SD LOWER 
AKti MIDDLE CABBOKUTEROUS SYSTEMS 

Introduction -These gimi groups of Palaeozoic strata do not 
tK^ur at all in the Peninsular pari of India, while their octiurronMS 
in the PitmiVnin-iilur urea are uIehi, with one exception, outaido 
rhe gcogntfihksil limits of India proper, mid confined to the 
nortlitinunopt border* of the Himalayas and to Upper Burma, 
In the Pentnanb there exiatft, between the Vmdhvmi and the next 
overling ibpjter < rtbuiufcmtia) deposit.*, n great hiatus arming 
from a persistent. epeirogenio uplift of the country during the ages 
that followed the depcwition of the Vindhyan sofliments. The 
absence from India of tlmse formations, luting nearly three- 
fourth;? o| the l Vhn'Oitnie history of the earth. is quite noteworthy, 
ae it teipaHu In tin: Indian geological record. especially of Lhe 
Peninsula, a very imperfect and fragmentary character The 
Imnnluyiiti naearm*** of tin-, rook-group, referred to above, 
;itc restricted Jifso to the northernmost or Tibetan zone of the 
Himalaya's whi rs a broad belt of marine fossilifeimts aedimenturv 
roeka cihuidu from the vrr*U -m extremity, JJnzam and Kusbinfr 
through ftfin fhirhwai and Konwon to Nepal and won hevond 
and in which repn-tHUtelta* of aJrnort all the rock-svdciu^from 
Cum bruin to Koernr ;uv rocogmsed. 


I. Snrt Auki, 

Ordovician and Silurian- live dying Hie Hainumte svsteiu in all 
pans ol Spin lliere w a thick mrir> of red quartzite^ anti grits 
mufrirkini by ennglniHnratfli and pacing upwards into shales «|tb 
banda of h'nwtow ami dolomite, The womnpwying table show* 
I he rein tin ii rt(.( ilm Ordovician and Situriiin „f .Spilt wilh rl„ 
overlying ami irudn-lviim fiimM lions (nu f ig, ii}; 

l,i| 






THE RTLITRIAX AND DEVONIAN SYSTEM* 
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rj-tvtimjiflj 


Uiitii Qunmisr 


^ihiHiUL 


Otdovkuian. 


l Kitjy cutout™! ttHkwuiw limestone*, 
Okfll ItKUtttitiSkM* 

* Sludy UiQisfttotiE* wllli hmdiIfj]Jtwk 
eoriik iuhL ^yjtru'jKHlb, 

Hard cn?y tirjimiiitEfl lhnwtofte^ 
Dark and grey limontoiiiai with dy*- 
fWcri* bmohinpnilN and 
Shu ton jukI flaggy vUKktoan rtnil 

EpmrtdUVr 

Thick mn^ nf pink or rod quirtr.it^ 
gritty anfo®iitiferoyB oo*mi cun* 
fttornnmte^ 


8000 U. 


Ouulu'inia. H&muinta blink shah* mid ilateft* 

Thf bwi j r ¥ i;rp|iiH^jiw n bods an* uufoi^ilifeitju^ but the tip|n*rshiil? 
Ajid cttlcanwu* jiurt km him yielded finttofronti foasii bmebjopodj. 
crfftiila, atinddn, cunb mid trtlobita?. Of ihnw tin* most im- 
jxiriutiL genera utv ; (IVibbitea) DAfiru/itf, /JJtfcuM-v. A&aphHfim 
Vutymtnv and lirrinffd*] (BradiiopqdJS} Ortki & 7 ^ tr optima f. mi h l^fh 
,{(j w Atiypa, P&ntit&wru* (f); (Corabij Ffn ,f MiU$, iiatp^iks t Cya- 
thaphyHam* flyriti # cflom md L'hacUfrs: tilydnmm) Stmwtivpom; 
(Gu^Lnupod-Hj litUerophoii and PtturoiotRdn&l (Cystids) Pyroeystites 
and Cmtcrinm, The abov-r-iiimiod gtuietij boar doeo zoological 
mUtions U> thfw obtained from iSio Pal hjoeoio of fcngtavu] umi 
Europe, a point kumhip whidi extern Is ul*o to many ol their species . 
a (jcrtain mill i her nf l_hem being e<iriiman to bulb region?* 
Devonian — Koeting over the ^durian hods is a Lindt »en0s nf 
white JiuhI qua mite which k quite and whoseago 

therefore, w ither Upper SQnrima ur Devonian, k ft matter of 
Lin certainty. Situs it, r^U dirtily over disliDcdy fossilifewiis 
Silurian. brils andraulerltes ffWutifcfOiiA strata of undoiiljted Lower 
Carijoruferous horizon, its age i 4 inferred with u high dcrgroo d 
probabilitv ti« bo Devonian. in part At L.--i *i TbM 4 Ni,l ' rvJtr ' 37 
known the Muth quartziti frum it* ocdtmmun vwy oouapira- 
ouftly on the pn>* ihat tumir in Spiib Ut. Ilaydim ia induied 
to consider the Muth quartKit^ ha \wrt\y aUunan anil partly 
Ucvuniun '' The bod* immediately undorljing Ibo Muth i^artz 
ite contain FenUirntr^s oblontfu#, and arc. tiiuiefore, ol Usm 
dowry age. Ah t lien? ia no imconlbtsnliy b^, tim ovudying iwtk, 
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ill Iwml in fMfert. i mm ml. theft-In n* p 
belong Ur s In- Silurian A* tilt* 
Muih quartaitr merely repre- 

M ilt', sin tiuhl uinilriUiJh\ ttlid Wiis 
t hrrr-fnrc pit ibu bly dquisited 

fairly rajmly* the odd* iirr* is 
favour of the whole of the 
Itfoth quart ki to I icing Silurian. 
It b, hmrevrr. tftomlly regarded 
ft* partly fUhttifttt and partly 
1 k^onian 1 The Mat h quartz* 
itt^, togetI h ?v with oil overly¬ 
ing group of hard sjlioeoiift 
limestone, iw>ine 3iM feet in 
thicknrad in the nehthhoimrig 
locality of BasJmhr, may he 
Taken to represent in parr at 

leeflt- The Devonian Ago in tin* 
Hinml syius. 

Carboniferous, Lipak senes - 
—The Mntli quarUita k over- 
lain hv 3i thick scries of lime- 

i 

stones and quartzite* mote 
than 3000 foot in thkktw*. 
The liint^tones ntv lmit], dark- 
tt loured anti splintery* They 
an.\ however, very prolific in 
Ittwik, thr foadljfermvs bftiui* 
altonmUitg with whit* and grey 
barren t[iuut*Ue3» This mdtt» 
k known a* the Lijmk 
tram h typical outcrop in the 
hipnk valley in the eastern 
purl, of Sjiftf, The fossil* me 
oJiamuterifitie Lower Carboni¬ 
ferous organising Monghig to 
*u*?h genem : {BrmdtbpodiO 
fWJuditj fcpjj, ™ aiul anni- 
r ri idUttf), OhoneiM) Athijri* 

(np. Synnyai/ff/ni (ftp. 

iti * prrpnni r | nrifth 
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c \i*pi<l‘tOi ), Syirifrr, Rfticuktn* (LamelLb rail cb> 1 Canoot rd in in r 
Arimlffjutifti ; the < ‘iirboniftiTODs trilobitu PhilHpuia; (Copbt 
loptsls) Orthtirtriia ujul Plat f/feras: (Gastropods) Etiomphaln*, 
('twutann. PitatotOHwirUi; i "mi>tiirecLi l.'dhtrw. . fish-teeth, 

etc. \ 

The Fo series- The Lipak -erifr* Lx ^lec-w-di-d, in the same can- 
tinnouK sequence, by n group of dark-cub-Hired shale* and qunrtz- 
ilt<K nnttttiluting w|ml is known o» the Po riw. (See Fig, 324 
Tin* lower division is for tlm wa-t peri wiTJipo«>d of black uholea, 
traversed by intrusive dykes ami sheets nf doleritc. Tfu» intruded 
ruck line induced much conteet'mfltemorfiiein in the shales, Man* 
<.f which arc converted into pyritoii* *\u \» ■- and even into gwnoti 
fcroUK uurasehUta in the immediate m-ighbourhopd of the igneous 

k. Tiie unaltered ehntea contain impressions of the (eaves of 
ferns and allied plant!*, of Lower or Middle *'arlwniferous (Masco- 
vi»n) affinities, such us HhntupUtif. fi/thciurpitridiu m, Sphtno p- 
Uris, etc. Tilt* upper division of the Po eerie® is contpnaed of 
shales and quartzites, tin? higher purl of which contains marine 
organisms in wltjcli the s--l_vgenus Jw «•.•;* h--i preponderates, 
and gives the mum Ft m *Uli<t *hth* to Hint Ktlhdivb'iou. Tim 
other fossils are sptsjjr* (if Ptvduetu*. Diilaamn, Epirigtra. H<tt 
wtforia, Spinfer, Xmitilus, Otihoetrat, Pratortitpom fep. oa tpto}. 
etc. From the preponderant of pdjrxQa and tile speed* of 
brnchiupods charneteristie of the Middle CarJwoifemtts, the hitter 
ago is ascribed to the Po Rifies 

The Upper Carboniferous unconformity— The Po «ri«* in over- 
lain hy » group of Upper CorfidtlifirrMiS utmU Inginniup with * 
cmiglDincrate. This complete development, of the Puliwroitf ats. 
terns up to and including the Mid-t"arhofllfownw, which we hart- 
seen in Spill, la 811 except LOTinI circumstance and confined to tome 
parts tinlv, for in Ifn/nr-i. N IV- Kashmir. Simlti and -n-veral -ithar 
Iirww of the central Himalaya, the Uppirr CarbonlftnntB eoagfo- 
uicratc k seen to overlie iinc'uifnruuibly formations of f |tr lower 
horitona, whether Hal manta, Hilvinoii nr tfuth. idl the intervening 
stiusc* being missing. This conglomerate, which will bt ofem-d 
lc Inter in our description ol the 0pjwr i.url«>iiiferou- mid f ■■r- 
tnmu Hynbnms, is a most important Imritnti. u dalum-Un*, in the 
geology of India. It cover* mi unconformity universal m ,dJ 
parts of India whore llitt I'crtnliii system i* soen. In tliri pivrtU.ii- 
lar area of Spiti this unconformity is nut apparent,, lateausi wife 
urea remained undisturbed by the crust*! readjustment- of the 
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neet of tlii? - rmtiiionl, permitting *fi umiiterTupt4*d i^diinunGit jin 
ro procwd in this hwolity, bridging over th& gap, 

Tim brruk ill dn* rnutintiiO, uf llm do|KK~its* ml il\.v top of die 
Middle f'jirlxiniforoti,* wa* utllaA-^l hy SirT. H Hojlund h- i fit huin 
for tht t^paratiQU of nil thft liplow it ^uliccrtiveJy forming 

tire Druviilian gmup) from tin* i*<^miitiirig nj’slcmn o( later agiwi 
which comr above it ixmetfeitutfejj ihe gn,-it Aryan group* 

The figuring MAv give* a general view of tbo PnhuL'tmirje 

wquraen in Spill; 

TerHily to Permian, 

Amm 

Gronp. tipper Iturbviu- / B^emenf mnnito. 

furoo*. 1 


flight unoonfimnitj* 


Draefijiflft 

Gtoup. 


rFftutiflttlti abalra, 

Hidflu yShnlcv and cmiirtaito 

f*ruu* r \ SKMKHt, f with plant* [Culm}. 

Lcw^f Larbom- / Lipsth Iktim, [BhoJ** irul limi-nfone:# 

L 2000 Jr. J fftjili 

f Spirifrr. i>Lc. 
j M>[fh qurkrtaifa and JimniiEomr. 

1 BOO ft, 

fQimri^o^p *h*ka wsd tjoid jm^ 

1 rtBfW-* fftc, 

l 2 <m fi, 

HaiaiaiiU aWn-* and qu&rtaiteEi with 
ttQCkWMi ft. 


fermi 

Hew inina. 

Sditf luti inuJ 
OrdovudaiL 

Cam Imam 


{’ 


|Prt-CMnbiMB, V*ikmn tone, of Bt-ti*)* ana phyl- 

2 . Kasim in. 

A stratif^d writs*, in many reajruU. identical irifli tho above 
mtittc-ticf in Sjriti, ftt duvdojM*d in Kjuthmir in n 1 basin " of sedi* 
nu>nt« wliiob b* «tt n dinsot tmh h-wfet OOTitinttOitMi uf the strike 
of the Spit! btutih, tin* only inatunitr wilJiin tb It mile of India of 
rJ continuous and wnftmtiabb w&U’dftufnped Pakcotoio huc- 
tiossian. In thin there in n very succesfljon of alt the 
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primary Ktmti.jru|i])|ri«l r-mibrimi, Ontaviciim and 

Sihm(in. lH'v<ininn. ( nrboaifci»ii5 und Permian -oonformably 

overlying t ..fosidlUinrou* *LiU‘ Mjrinj- (D«gra *l»t*»} of basal 

<‘stinbrisin nr ShIc Ptimrm «£«. In the Lldnr Valliiv ol‘ Kashmir 
Mlddkm ^ lift* proved « mnlinuniift eueci.^inn of ftsaitifercms 
Palaeozoic strata from Ordovician to Permian fasn pp. 210-227). 
Tbo following table allow* i hi *■( Uoti tip to SDrldTa Carboniferous; 

Ttutekito farte* 

2000 ft. Middle Curbnuifertm*. 

Sifrinoot/igri* timtttfn** 

JfKKt Fuel. Irfiiwc CarbUtUetwat 

Muth ijuarhftt* 

tloou ft. I Bevomwi. 

fi jlnrliih drill Ordovician 

IDO feet. 

In North-West Kashmir later work hu- shown a ray i>ro- 
no si need etmtigmpbio break Involving tins whole time-interval 
between the Sloth tiunrtxites and Upper farboniferuo*. At many 
inralilii't the Ordovician and Silurian nlsfl an- not developed. anil 
rhe Cambrian comr* to Ik! covered by the b“**d beds of the Upper 
CwbontfmniB vnlrunie series of ilepoflii*, 

Unfnailiforaus reprewnt»*iv«w. however, of *hat are believed 
to bo continental typos of the older PnUwwoio ajuionis are ob¬ 
served in parts of Hazrini. Kashmir and the Si min Himalnyaa. 
In the two former area* they have In -n grouped under the nome 
of »y*Um swnl in lho latter under Xi&hat 

Ordovician—The Otdnvkinn i- donbi fully recognised m the 
Lis I nr vslfcv. underlying the fiwniitfrmtii Silurian- In the north 
limb of the Sluunsh Abari *ynHii»' iwur Trahgnni {Httndnwar 
IchtdJ) a flericf nf surely ferrugm.nw tfwywnckw 

and limestones occur conformably above the Upper Lwnbnan tn 
n synclinal warping of the latter, and li*» die Motto vm « 
recognised by the presence nf some of Orth,*, among them 

0 , of. adligjvmTt* D&b» and other Ort hid and Strophomenid 
braduopods, LrpkUpideit. ennui d stum-joint* > "F L '> ragments c> 
proporian trilobit* 0 Ch<i™™*) aw owitwn The hmcatom*, 
thoueh frequent Iv omwtbd wirti orgink 1 fmgmcnts P hwn ™dro 
no iwsgnkable‘fossils. The Tnhgam W* P» «P “*» the 
Saurian, small patches of w hich occur on either Umb of the mam 
svnetine underlying the SI nth Quarts lies, 

‘ Detailed w ork m the thick group intervening between the Cam- 
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briAii mfmI Hit* Multi tJtunrMiti 1 * in tlN-r-.pi-i i«j I hr mtirline 

rtf the Bind vfllli'v i.w likely let bring to light -turnr further nut mips 
of the Urdovieuiri. 

Silurian Distribution— Kouml the nvn] orpuuse of t hr- cunt nf 
the Liilar lUdioliiu them mus a thin but ront unions lwind of ran 
misLakahle Hihiriau xirntn from which wrlbpr^rved SHirnau. 
organism?? Imve lur^cn obtained, lit cue racks nre oontimimisEy 
met with on tho north-east sifde i if the nntirlinnl from the neigh¬ 
bourhood uf Khlimakuni m the Lidnr vniley to hutherwAn in the 
Warduait Tailin', On thr *outh- wmi. flank The oatenip* uro not 
eim iniminuou*, being hidden under the nwnt, oOirviuin of the 
Lidjir and Arpa I r( reams and t heir t ri bats*fits**. 

BwjJflt—Lithologically thr- - t mt 3«. Iieor cIgke? reHcniWanofi to the 
underlying Cambrian and (Jirlovidini, being composed of sandy 
dialc-, ur tifialy sandstonea with impure judlriw limestones* hut 
they lire dhif inguinhed hy the pn^nce of n well preserved auite 
of fossil organism*. Limestones and culcAreous rocks Arc Icah 
common than in the oomHponding rocks of Spitf The Aggregate 
Ihitkno* of the fassil-hfiif-ing ^durian strata is only Hxi foot, hat 
tho organisms preserved m them leave no doubt of their age. t hus 
demiting a highly valued geological horizon in India. They offer 
nno of the few insdaneeSj in the whale of |he I nduui region, where 
a well-defined Sihiriim fa unci occur*. The presumed «Si I uriAii rocks 
of lUr ShAnmh A bars Area are of much greater tbiokuesfl, but they 
ait olwmmdy foSKOifertMis ur unfossiJl&rotia aver wide stretcher 
and iheir age is inferred from their superposition uu t he Upper 
rambrian nr their conformable portion underneath the Muth 
qiituJzil«&. A fosailiftranH .Silurian horizon exiata m the Cental 
Himalaya* above the Efnmuuita system of Spiti and in the neigh* 
hi Miring area of Kurmimi and Gnrhwi'd; another example is id the 
Shao States, ot Upper Burma, The occ u rrr-ii ov of Silurian rocks 
is stupwted, on utmiig lithological ground*. in Poonch and in 
( hit ml, bat no index fosail has been dbiamod from fcb*»e localities 
hit herto, and their delimto oonsfaAtion Is a matter of doubt, 

I ossiii• J he principal ftissil w Orlhin, which occurs in u largr 
number of specie?, Other Bnichiupud? belong to thr g^nnn 
Leptaci iu f Siraphadonto k At typo, Mrnmlht, fWaui, Stmph&mMi 
Conrhidimn . 

f)f Trilobitiv the following gemtm ncour Uirtmum «, 

Phaco 2», Acid&*p\j f Encrhmrtts, Begmbto, 

€owpw ItwHi, SiJuriiLr. Fo«iiU f#«ni Kldbuir, Utr, tw'SJ. slir pi. 1, |a£f. 


THE SILURIAN ANT* HRVOMAK ftysTKMS Siil 

Thf f'r>phii]o|iud* off repre&entod by OttkottrriA and I'tfrtottnU. 

Sonir citruh* uctnir, including ,-UWuIi/r‘A. P< biiui nr JJiuhbitt min. 

Hu; nhwtU'c friii11 Hub fa nun of tin well-known Silurian corals, 
Fil l mits*, IlrlioUk-', C'f/uiftaphj/Uu»i. 8tfringit}*in), etu.. which are 
present in ill* hornoioxial Ji'fii>'iii- ofKpili, i- noteworthy. Hie 
i‘Videnre of thr other icrsails, howaver. point.- In a similarity be- 
1 wft'ii these itro deposit*, a correepctndfllicn Imran out by all other 
aiibucqu<mi FormatiDiia. 

Devonian. Occurrence —The I luvuiiiciu of Kashmir ecu nos 
foruuibh on the group last desmbcJ Tin outcrop follows the 
outcrop I*f the Silurian in normal itmtfgrupbia order mul it* co- 
exteuaive with tin* latter, lie'mum st rata Jiru well seen on both 
I he flanks of the Lidar an tic Jin til ab thin bands; lliey are also well 
exposed in the Ward wan district, whet? their re-appearance is 
due to a flynrlimd folding. 

Ari even hand of hard, ami w-white quartzites, lOOLf-SflOO foet 
thick, follows the hair-pin Jnop of the pitching tip of Cumbrian 
and Silurian outcrujw in tlm Sliouiah Abaci syneJine. It makes a 
regular even belt lying I >o tween the Gun faro'Silurian and tliomil- 
«nip of Uin next mitnx-i-ding asriw, the Puiijnl Volcanic wrnw 

The rocki* regarded as Devonian are a great Ihickno*« of 
nn^ivc while qiiartitite, This rock, both in its com jx.isi Lion 
and texture as aril ill ii» ctratigripfiis rein Lions to tl"- rocks 
below ji i til above it, exactly resemble# tho Mtitji quartzite of 
Spiti and Kuumnii, which b»# been regarded ux Devonian. As 
in Spiti, three massive beds of (juadiito, reaching the enormous 
UiidtnuBH of JjfrJO feet at places, are totally devoid of any f<*»nl 
remain? Tlu* inferenre of their Age. therefore, is solely based on 
their hlwtigraphu' jmiiiUon (he JIuth quartzite* real normally 
tetWtXUi fassUifereii? UpjKT Silurian Ixnls below and fossil \» firing 
I'arlKMii&tons Uila above, whuw* fossil argunum# indicate Lover 
Carbon! fenm» affiiiiriw; it is, therefore, rreonublo U> infer that 
the Mm h cpjart7.il ue are Devonian in part at least. M uclio v tdeuee, 
however, huhjuI le quite (Jrasivi', nod it ts possible that a part 
nr the whole of the Mutfa qiiartaim min i”oy ultimately (irova 
to Iki of either of those age.-— L>j«'r Silurian --r U»er < afhom- 
faoua or both. Outcropa of the Moth maim are vtuQy detected 
by the prominent tucarptiicute and dill* which it forma, due Le the 
harder and more compact qtiarteitre redrtiug tin action of the 
denuding ogenotre letter than the underlying sinir>. 

Lower Carboniferous Syringothym Lime Stems Series. Distri- 
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Tillllnri "nl in the iiitliT ■<[ suprrpostiioii i« » «-fi™ of limcmton* 
(itrftiii. lyiny conformably over the Muth fjumtmibes. Tins ciur.nrop 
of Uiin limestone fornix 11 Ihin band bordering (lie north-west half 
of the fillips* we are considering; it cannot ho traced further e*aT 
ward.% I hi iti || u> a ureal rAtt-ni, it id den under superficial deposits 
sudt river alluvia. If ha* also suffered greatly by the over¬ 
lapping of the Faujal traps, which approach if from the north by 
successively overlapping iho younger senes. The present xerire 
i 5 M ,.|| 4 .tqx<MKl at Kuhnuiknm and KoUti, which am good lornlinex 
for roUi-ct iiig frjtsdL*. 

Outcrop of the Stfriitjfjtin/riA limestone of considerable think - 
ness, feet , icro dbn-«l in the Boniiml volley of the 

Pir Punjjil, unconformably overlying the Cambrian, In the Sind 
vnlley, narrower Imnds of Liiis I irons tone conformably .ocrlio the 
Mud! quaitdtes, Both these outcrop have suffered through the 
overlap of the j’otijiil vulcanic*. 

hewer Carboniferous fossils -The rocks composing the Lower 
(.'arhnmfrroiis «d KsahUdr arc thin-bedded flaggy limestones of a 
grey wlaur with rbn or quartxlto parttoga which occasion a It y 
Hssurno large bulk- The maximum Lhlciresa is over 3000 foet. 
The calrorroua etritetitulinn of tins -erka* n.irljly distinguishes it 
from t hr older rwrlre, which an devoid of strata of limsstoro*. The 
limestones are crowded with fosdJs principally lwtoTiging to the 
hmehlofiod <la«. Thr m«t frequently occurring broehiopod, 
which ebamoveriac* the -cries, is SyrinyothyTi-'i c»«pidala Tills is 
» valuable index fixwil, being (dau very typical of the Lipuk series 
of S pit i, Chom Its is found to largr* n u rubers, together with many 
spectre of pTfrfittfux, of which t!u* speie* P. rum is the most ouiu- 
man, while P. imitrievtu* mid P- rfiJieaitttu* are not ho abundant. 
Alhifn\* t Lterht/fi and Rli f n lunnUa ire -inn mg other bntohinpud'- 
The age of the Syrinx ithyria limestone scries is determined by 
that of the Lipuk aeries, with which it show* exact parallelism. 
From the axsucIutkHI of SijmvjHthyn* rtt.^pidain with Hpviex of 
Trilnhitrs? {PhiHipn*), regarded «a Lower Carboniforoua, in the 
Lipak group of Spit i. Hayden hna ascribed in that group a Lower 
Carboniferous horiron. 

Middle -:?i Carboniferous FenestcIIa Shales—Overlying tin* upper 
beds of the Syringothyrix limestone there cornea town thickness uf 
uirfbfr&ilifcrimH quartzite and slink* befit? the first bod* of the 
chftiacterietif Ftairetella - 1 *-« ring strain begin, These intermedi¬ 
ate beds in their composition nn allied to t he upper group— the 
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KrncatelU abates to Imt presently described—bat ainoe they contain 
Iif , foalU proper to that Mint*, Uiev arc regarded ns " passage 
bods ** bctwwiu the two aeries. 

tn diNtrihutimi this group If- oven more restrictor! than the 
lust deFfrilHHl- Unrig confined only to tho mirth -went part of the 
ellipse of tin* PilacCtttnC anticline of the Ltd ft r and to some 
outcrops imj*T Bftuihnl and Butlll in the Pir Panjttl. lo the 
south-TTMt the Hcriea in totally uua|fcg. having been oblite rated 
bv the overlap Ilf the Panja! I»v«h. In the Bfliiilud nu, inline n 
broad baud of Fewilrlln *M> - “cries confomirtbly o verbis uud 
surround* the outcrop of the SynnfiOthyroi llniestam and reaches 
oviir $O&0 feet in vertical extent- It* rtflatitwl with the overlying 
nAUnlii need mu mi tie slate Eire iioriaotly conform abk and evi-n 



Uppermost Ifrilijfieftrllt BhalitT thirk- 
I 'nfiwiiitVnm-' quartaft*^ uud ahalip, 
*00-600 ft, 

Blrul sandy skate* with F*#**™*, 
IIH) ft. 


Quartzite, flu ft, 

tireySsli shnly »*rid , itiini l < < , n«iiiii» wwsjIi* 


Middle 

liWbnnifcfftu# 


FeiKtslJ.i 


*hale*. 


ft 


]>itrk »hal n full uf ronih, 

bnditopoda, lanidlihrenrlis Ifib ft 
Quartette, 100 ft- 

Sandy abide. full •*» Fn'W* “ l|J 
other fossils, 300 ft 
Base not «rfi- 
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Fauna—The moat abundant (wsiIh are casts. often ferruginous, 
0 f gpecje* y f tfell". tin' impressiona of whom? fim-shaped zoarin 

air lurterwt in (wuntlwa n timber*. often in great perfection. 
BhirhidpDiis ,ur ntn. ubtmtiunt in tnmlW aa well as in opecicsi; 
tlio most commonly occurring arc itpitiftr [S. middlnnixmi and 
•S" iti'UNal awl'i/ui. /*. F, f/jiiioiw, 

tivtAnrru/wfl, /)*"W«.ntM. Utmtidla, Atiioafegts, Camnmphvn/i, 
Htiitnrhawttn. U» iflirn'llibrunuhi are Modiola nnd A piaftoptetm. 
I l vgidis nf Phi&ptia occur. B©m left fenesiettu another jxdyxonu, 
(hunch vcfv rare. i“ Tlio two must bit odisfully 

dfetiiigulahKl. for the latter grow uharmotorwea & younger series 
ofiriijfl which lies over the Partial trap serin*. 

Ap of the Fenericlla series The fauna of the Fanestellft series 
IHWBtstses, according to Dr. Dm or, strikingly individual chataetors 
of its own. Mffpy of the fossil forms are quite special to it. bearing 
no n>hktkitin te my definite t’urbmiifcrous horizon. For tins 
reason their stratigraphic position is duHtabln. ami may be any 
between Lower and Upper Carbnmfcroiite according to the same 
authority. 1 

The dtsprsition of tlu» outcrop of the Fenestdl* shales reveals 
the existence of a [lip-fault trnveraipg it alona liic Lidur basin. 
Tin* fault Is not import an I , but its offset upon the outcrop on the 
two Itfiriki: ul the river is quit* 1 illuflimtl™. The capoeure ou (he 
left hunk li.s much higher up the rn lt than the right-bank out¬ 
crop. This is in ronw^iumui* -t a lateral shift (hcavo) produced 
by a fault' cutting m‘rn-« I In- at rikr of the latis. 

3. (’un aii.. 

In rhh- valfoy nf tin- < 'hit ml river, at the uorlh-wetai. inmtici, 
Devonian strata nn* fmmil containing arum* of the olmractorijilio 
coral k and brachtopotl* nf the in-rind. Fmraitoi. t'wthiiphy\Utm, 
OrthAthtfrix, Alrypa, Mpirifrr. Mr. 1 5 . H. Tipper hart found 
sections showing a conformable sequence front Lower Ihrvoniiut to 
the Fiwtdifirt linicsfotic nf Upper C-wbonifonnis age, Tin* struc¬ 
ture in these mountains fc. highly eniplicaUni, and tin- I Wattian 
is ivj n rn!f thrown again-i a f totmtcuiM or Lower Tertiary Con¬ 
glomerate (Rethtui conglomerate) by a great fault, flic Carlwiii- 
forrnts occurs in well-uiiirkf'd hands uml embodies the Vkilrol slait* 
nnd Sari kn! ?hnt** Is sides Fuirulimt lining ttipi* ami some ifrflem- 
jrhfrn liotb. Lithologically the Devonian of Oiitral is a thick 

1 UiHirff, Put. Imdic d, VOE V. Immk. X J9H5. 
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aeries of “living * 

<,{ n]i|f*r I'olni'iwjH- mttttrt, 
quartzite*, fwl saii(li'i«iN ,k B|,, l 
^Innwra lBS, m wIticill Hu- lu l " 1 
j-ecogunjtvi the ptnlwbl* mpii va¬ 
lent 6 of the Muth <piurtsiiU< mill 
thi> Upper Silurian linrteon* of tin- 
better-known are*?- 1 
I, Kiriuii 

(SSnM-heru Shan Statc*)- 
Bui ii much mom perfect 'k 
vntopumit of niflriiK' PjIwmwwi 
rocks is (bond in tho oootwtt «* 
i re inity of the extra IViiiiiHiiln, in 
the Shu 11 Suites (if Up|»W Buritift, 
ill which the Indian lleologiisn 
Survey have worked out 
cession of fauna*. revealing h 
tinuouR history of the lift* 
deposit* of the I’aJflw*oic group 
from Ordovician to Perm inn. The 
Shan Stale* of Burma nre a w>li- 
liify inula nee, with the exception 
of Rpiti owl Kashmir, within tins 
coniines of I he Indian icgiini. 
which possesses a complete ge-> 
logical n-oorvl of the Pillow, ie 
era. Tin* extreme rarity of fo> 

AilifcittUH I'ttlitwioio rock-spite m u 
in the Indian Peninsula compels 
tlie nt tvntii >n of tin- Indian stedeJit 
to this distant, though by no W®* 
geologically alien, province tor 

study. We can Lori' give but the 
lignAl ■online of l hi* very inter- 
ciiting fir veto]'mcDt For (idler 
details the student sinmld consul f 
the original 'f'woir by Dr. Lu 

Touche, vol. xxsix. pen 2 , MW. . 

. M. n. H-yd*. **- 't.SJ *L f K r* ’ "• “ WT * 

T<J. Iv P M. amt vsl. M pp. <-**♦<*• 


Jltft 



* 


* 

J 

i- 

I 

II 


hi 

;i i 
'£1 
m 

m 


f 6 | 


iji 

«ta!« 


ftfC r ti SJ. 


tmflLfioY of rxiJ-r v 


{HA 

fJrtfovkiau In ilift XiiEtbmi Hhiiii Shift-, iinluvactmi i vjKiMin- 1 - 
TivHi om a hrpAfl mffrerop of imffs^iliii»rtiiin qnartojlt‘4 

and greywuekes i lto ' 'Anunff hr ^ »■■ Th**t fc in ..veriio 

still oJdor Archaean or [Huirwitr gnebwtssi (this Magok gHi h raO P with 
which k mtcrtaddod ihv mD-knaWJi cryMulUiH- limefftoflis (the 
ruby marble of Burma). tin- carishirof* number of prcdotj^ straw, 
each as rubles, sappyres and ftprtM'U. Use C li>l< ■ v i l-J i rotifcft are 
variously cmtonrecl shales and Ihm^Unif^ Containing f hi- eliiiructfir- 
intio triiobitcs, epfichwin* ami tmuiliifJJMxk of tbitt tige, The 
rhamoterktie Ordovician penile itif stetmiunt oytiticL AristtxsfSfi*., 
k noteworthy, Iwsides the oyatirk and f/Ji^riaio*. 

Tiie lirurhiopods ore £JrfAk, A7nEJpA™rtni, /Vrcfroatafflitai 

mid The pteropod gr-un* is present, together 

with mini* gastropods. The tTibbite*. are ^mtpyr p jJjfrjrAtu. 
/Z/<i^j2 ufi, f.'uJfymi/re* Pftncopt, etc, 

Tk UrdoYiciim in Lb Ui?igbburb(iod of Bawd win 1 b underlain by 
a scried of volcanic tuffs and rhyolites which carry valuable ore bodies 
of lead, xsttP. diver* The Bawd win ore-Fi nre- metasotnatjc rogdiiti&niHifti 
of the voltimau rock.-*, brought n hoist by therm. 1 1 nolat intig emanating 
from PTurroiisitflirt^ gnmile inlxiteku^ ^Thu Bawd win mines hare prtK 
dural saint 466,000 tnn. nfkatl .md p-lnct-om yearly up to ISM-I- Tin- 
on* niv ar^entlfrmuif and mrrf about 20 qua. of eil vt-r to iL* ton of ore, 

Namshim series, Zobirtgyi series—The Ordoviokn Iwds are 
overkill by Silurian strata composed of a aeries of quartzites and 
fukputhio sandstones, the lower bo da of which contain many 
trilobftes and gmptohtcfe. The graptoliteg include cbaracterifitic 
forms like Dipk*#raptus< CUmawtfmphM* Sftmotfrttptus, f'j jrto- 
graptus, Rastri&s, etn. The graptohto hearing hmU uro succeeded 
by what art* known as the j¥am xhitn mitt, containing trifobifcae 
nf the gMorfl JHamm* Emrimrm, Uattfmznct Ph&mps, Girirurut* 
mad numerous hmchhipods* The X&mdiim sandstones are in turn 
overlain by a neworseries of foseilLFercnia, soft yellow and grey lime¬ 
stones ami calcareous sandstones, aonsti tinting the ZMngrp Aeries 
of the Northern Shan States Hie fossil* of the Sfebtngyi series 
include a few species of graptolhcv of the type-gamin 3fonoffmptas w 
together with cephalopoda and Irilolulea (Phwrops and Dtilmnn- 
iteA), possessing e€iinemhat m/wor t han tho Weidonk 

Imioatoiie of England. fo>niJs iiuLfrato an uppurntoat 

Silurian agK of s lio «nelomng strata. The Zcbingjl stage k thus 
to be regun]ed aa forming the passage-beda between the ^iJuriun 
and the overlying Fkvoniiui. 
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Silurian fauna of Burma —Tha Silurian fosdlE obtained from 
Imtli the NT n-rnnh iia and Zebingyi horiwJOu of the Shan Statea are: 
Brachiopod* — LinfHln, Lejitaena, OrtbMtti*, litrophamem. Or- 
(hit, Pentomtrm, AUypd, Spirift.r, Mtritti no, 
Lamellibmnchir — PV finca, Modidopsit, Gltutria, Dwtttina, Oono* 
rantitiin, 

t:astTO|K>da— Tvttbiruliiti. 

Cephalopoda—Many epocdoa of Orthocetat. 

Numerous broken atamh of trrinoidfl 
Kugot’t- wral- Litultfrot inw • 

Worm barings and tubo*. 

Trilohites — Proctut, h'nennurttn. Calymcnt, Vhctnirua, 
Phamp*. Dnlmtmit**, anil fragment* of many other tnlo- 


bites. 

I (urine ( be nineteen-thirties flMjlnfM wurk in Burma t«fah- 
iialm rl the eiistonce of a more or Los p«*lW of foesiflBiIOM 
Ordovician and Sib.mm in theS.-i.Lh ii Khon SUtr*. campamblc 
with r liu-c of the Nor thorn Shim Hl»u. through ihr help »i a rush 
prantoCte ami bnidrfopod taut * 1 'Hu- gmi'toUl^ h*v» **fr*b- 
Ualu-d tiici Valtmtian and Salopian horfeon* of the SUtmim- 

Devonian —Tin- Devonian is represented by a **** of crystal¬ 
line . info blit tH and iiawatonfta of Fadaukjfln. whidi tel,yielded 
It very rich assemblage of Devonian flails, the only ™J«bt™ 
(MMUrrenee of Dovmium fauna that h» been met w»th ntherto hi 
tho Indian region. The k^iis are wry i.umerou* an.l Mony tx» 
all kind* of lifts nf the period corals, bradunpods, IwieUibranehB, 
gastropod* oyatkb, crinoid*. pAytx*. orunta**, «*. 

Devonian fauna—Hie Devonian (nun* of Burma: 
Cond*-^aM* («P mHUha, ^ ******* Devonian 

coral), Cytiihophythm, <'yitiphytti»», AkroUtrs, Zaphrmt", 
fftUoUtttt Pttchypora. etc* 

Vdytear-Fvnutmpont. Etadtrypa- JWwwro, 
B»dtiopod»-<Jrtftw, Atr&a, pM * amerw '' Chf,nc,f '> s P in f«> 

('ijrlina, AitHtta. nsldiu, etc?, 
Umldhbrattflhfl-Coaorwdidin. 

Gantiopod*-Wo»w»»«, PkurntomorM, M nrrfwmw. ***** 
■phalup, flellrrvjikon - 
Cephalopoda —AtMVCvJiti ■■ 

. V. f. ^ J. u«i* nr— w«, <M,r. ^ t™ ^ *. tow - ^ 

livti. a rt_ 2. I L'3i!i. 
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Pknttip#' etVr 

UrilHjid*— Cnprr*#wri&v& T Tto >oerin nut, /jfancriftM, 

The Wetwin dates —The Ifei worn Mid dolomite uro followed by 
ftii orgillFiOMTis setin of yjl^W’ , onloilfwl Mid f| f L-ppor 
Devonian ago, known a* tin- Wetwn *hmt, ai*o fn^HifrnJu*, and 
oontaiiumr 24?tpMJi3p Athiffh-, Vhfmrtc& f Jwnn4 t A ncutfi and Hrfth 
jthon Fin the eomnicffidfit fi>*4b. With f.Ji n Wet win nliitai net? 
associated Hum* crystalline did^mites Mill Etrofedonro with reniultift 
of oonils find fofaminMefs. 

Carbdmferous Permo-C^rboni/trouj—The )?t?Yonk(i m .iim 

freedrd, m the mm# locality and in one «inf.inmiiM sneers™, by 
n great development of limetfons mid dolomite* belonging to the 
Lower and Upper (^rbonifcroii« and Permian systems, which on 
BMCHMit of tlieir forming (together with the IJuvoitiim limrtitofies) 
the plateau rountTy of I he Northern Slum States ha ve been eol- 
1 eeri vci v ]i nown H 4 a the Fiot& it* i‘r ?rj t ,: Um < The liiUBStotli vs, Wbi dl 
am extensively enjahed and bircriolodp vary from pure limestone* 
through dotomitid JmiBptont*? Tr. pure rlnErmuiv*. There are forn- 
piinifeml timefltooes \ Ku&iiiinn limestone, from the prupondoraTiet 
of fmutina in it, a nirk buiJil inz fom min iftr highly peculiar tti 
this jge in many parts of the world). The fosaita of tbo upper 
port ion of the plateau liineutono ray oJd»| y agarospoiid in fault* 
with thoec nf the Prodm^iw limestone of tbe Salt-Rango (Chapter 

XT) of Fcnuiim usy (See Fig*, IA and u 4 .[i In the Southern 
Shnn Slates whore the Flatcu u limestono oovfcm i nat expanses of 
the plateau won try, it han been liiviiiiHI into T^pwer (Devonian 
arid Loweri arhonifenpi^) nntll^pper (l^rlionlferou&and Fermion) 
cm lithological differences, supported by an rue measure of palaeon¬ 
tological emleaoe. The supposed Ifevonlati part of the luriesroin? 
id generally a white or grey dolomite, extensively breceiated, and 
in the main unfcitifiilifaroiis; while the upper part ri more oilear- 
ecus and contains a fauna showing affinities with the Produvtoa 
fauna of India. 

The famuia throughout the whole sericui of strata following the 
Wei win. * hates are closely related and are stamped with the wrap 
general focics* The Lower Curbnniftwoua forms are tint Reparable 
from the Upper, nor are those from tho fVriuian. For this rwon 
Liio twu gruopi of Carboniferous and Permian rooks are described 
under tl a * ua u j e of J aiA r uet>/dA r i ■ >■ r« >u p. a gn nipiiig will el i w 4141 
uppUesblc J * 1 I hr Forum Cnrhomfenniri n>ekM of suixie uLher puts 
nf fiuLlu as wrH p tk-foir 1 thnir fo*#\l fainiai were lUffipjvinl.tilled. 
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The foregoing faflt* sire aimiiinviw*! in tin* following Ulilc of 
geological formation*- of tins Shan St-nte*. 0pf*T Bunn* 

Huwta, OlAtr flirt*. 

fUowtfe. Xftpang hcd*. 


l^riiso Cntbolli' 
fqruu* 

(AlitlJTUOoUtllK^ 


f JrMonhiii S^&tuni. 


tiiliirinn Sjr^t™i> 


Ordaviriun 


Upper I^ntean iimesTono. 

y»Mihwi and Ptvdvd**s 
linufttotir*. Partly tlv 
In mi lii 1 iGiirl (rtocdiOttL 
hi tin* mum unfosaiii- 
fcroU*. 

l Vji'rtt.iIhiH 1 doloinitea ami 
limt^kint£ h much 
irmahud, with C^iotol if* 

mndahm, Pkaeog*, 
i'tntajaentti kc. 
! h rir|nuk|3iu) K forming 
fhv wutitry, 

Wetwfu *tales with Ch&* 
nrUji anil ii very rich 
BcTPniAH&xmn (Efol- 
ianl. 

Zebkigyi bwfc. bl^uo nod 
gray flaggy Bmortoora 
with nit/a 

Nnmahim Hikmi^onr^, 
quartuM unci 

kj ■*g«^«fartftiw- »oft 

marls, nn4 HmwtnnM 
with Ortt^cm.tj Trilth 
tfffefj trte- 

XyaunglmH h**U t brown 
lUnc«tini» with nhftln 
ctTntafntag l'jipof * 
Eluvhriac fiiasila 

Naongkan^yi Lm*!#. yah 
low or paipfc *1iak* 
with tliii-k limestones 
UyatiiK tht^K s t f °- 
TfltMfr** \ 


PrmliU'Uu iiruestmq 
-if ilia Salt-Bang^ 
Frodiieitifl nholes of 
ftp'iti ftHfl &w;u> 
bwlEf ofKailtmjr. 


Muth Mid Iks 

v. -iuilji of (.Tiitiii 


SJturUiri of Spbi unit 
Krv^imir 


Onkmntult of 
K mlt mir 
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C*mKnjin 


ArtJuicflJi 

j>yateni> 


Burma* 

Chiiti&gllflgyi bi?dji, think 
^UiirtKitcw. Jitaty Hhetltsi 
j.tiil ^jtfudai: un- 
fneailifcjrtiiiBr 

Ma^ok ^TitriM, piu 'm mill 
interbnfidiyi cryrUdltct? 
liawtPQH wit 11 mtfu- 
sivn gmmte*. 


Othtr jHtrfx* 
tl«.imfUita of £*|dii 
mid Cafnhri*n of 
NAV Kashmir .'ind 
tho SaH-Ruiip? 
iYliinmjNir glHJMSPS" 


Physical changes at the end of the DravidiAn era -With the 
edveur. of ibo Vppcr Cttriraoifciw*i, th.^ second great cm of the 
peolofiical time-seal® m India ciutott. Before wo pass on to the 
(fetMiription of the succeeding rodc-grolsps wo have to consider » 
great revolution in the phy ideal gaNgraphy of India at tine *pO«>. 
whereby yrufoond eimng™ were brought hIiouI m the relative 
distribution of land and He* Thr readjustment* that followed 
these cnid-monamtitE brought under «edinKDi>tiOn largo areas 
of ftn tire which hitherto li«d btwn i-spo.sMl land-moas**. An ini 
meuae tract of India now forming the northern stone of the 
Himalayas, whs covered by the waters nf a ne» wWdt invaded, it 
from the west, and nvarapiaad Xorth India, Tibet and a great 
part of China. This sea, the great Tethya of geologist*. was the 
ancient central or mfrfi/r:miisw# ocean which encireM iilumst the 
whole earth nt this period in its history, and divided the continents 
of the northern hemisphere frutn the MBthaftl hemispIiOPO- It 
rotainnl its hold over the Hinuiluyax for the whole length of tins 
Mestnoio erai and guve rise, in the goosyiicfinid trough tlwt w in¬ 
forming at its floor, to a system of deposits which recorded a con¬ 
tinuous history of the ages hetweftn Permian end Eocene. This 
long Cycle of eodimeetsition constitutes the second and Inst martin! 
period of the Himidiiyrm urea 

During this interval the Benins ids of India underwent n different 
ev'do of geological events Die Upper Carboniferous tnnvemonfs 
interrupted its long unbroken cjafaMmtOO ainee the Vindbyait. Al¬ 
though thu oirfittnistanoes of its being a hnret-llke segment of the 
mist gave it immunity from deformations ><f i» compression id uf 
orogenk kind, yet it was susceptible to another das# of uniat- 
movement - dntinctorisiiD of such bind- inn>v The 1 -® intiiiif+ -t«d 
llicotfclvea in tnutotud oracles and in rtio (mbaidcrice of lurge 
lineur tracts ill various parts of the country between iru-re of Ire 11 
vortical iWire** of dislue anon in the earth (block tyj* nf earth- 
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n>n» i»mw ia) whioh event rnilh resulted in tin- lurnintun pit chain* 
of basin- shap^l riepiwiiim* on tin* old tfttnwwk land. Threw baaing 
received the drumago nf the MirroUQding OWWttty juiJ began to bo 
filled by it.-* fltiviatilo mid laeiwLriMe debris, As the HOibments 
meitmnlaU-d. the loaded lainins -mbsidrd more Bi>d mure, and sub- 
aid rims and n 'dimestation "mug on pa<> passu. there resulted 
thick deposit" of fn-ah-water mid ■■ul.nedAl stediimmUi several 
thoustmd f«4 in i‘(!rlinnl f-stf-nl ami entombing among them 
many relics of the terrestrial plant:, atnl aniinSta of tbi? tinio. 
Tliciio iftOOtdft, therefore, have preserved to n* the history of the 
hmd-virfim- of the Indian eontuMtnt, ikt the zone of marine redi- 
mente, ftdOBmofated in the geoflyitdinal of the Northern flima- 
Isyaa, has thal of the oceoas. Thu* u doable facie* is recognisable 
m the fcwn depoaition-anNU) of India in the systems that follow— 
a marine type in tlw estrs-Pentaarife mul a fresh-water and 
subtler! rd typo in lhe IVuimodfi. 

hkfehenoks 

If. FT. I Wen, <fcok*yorffl^. W«m. «Af. vnl. ravi-1*. I. »»** 

r, ] . 0nwbach. Cteolnqj nf IVnird 1 liimdai ■«. V*»»- OJSJ. vnl. «wJ 99K 
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CHAPTER EX 

the oondwana tfirsi'EM 


0«Epra]. The Ancient Gcmdwaualand -Reek* of Inter age than 
Yimlhvun in the Peninsula (.i'FtidiJi Iwlung to a jdostolwnifltenrtie 
rtvstrm of IfHid^eporits, which mngo in mm fro® the fU^r ar- 
tanlfmiis, through the grater part t.r Ihc Misozoic ora, np to 
the end of t.hf Junwsic- Av mentioned in the last chapter, their 
dentition on the siirfm* «F the imi-i.-nt comment 
will, the new cm, the An U m This mormons «ff*Ufte of con- 

tineiiLnr .lepoaits, in spite .. imeotiformitjes.fonn* one 

eonformohle ami nmamted !tl - hoU(mi to tli> 

lop, ft is dwilingni^l ini lie «e.ihigy of India a* the <,ond wunu 
SCTtora. from the ancient Gotti kingdom* south *£ the Nariincln. 
where the fennntirm wn> find known. luvcstigririuim m other 
of the world. Kj. in South Africa. Madagascar. and 

£en South America, have brought to light « parallel group of 
contmonUl formations, exhibiting much tb t same phymwf fu 
woll ns organic character*. From the above dMttbn» ; ich 
in itself 10 adequate evidence, as well iw from the additional 
proofciih&t ran? fijrnmtircl by imjFjrtimr jtiriwwntolopnd JisL^en* a 
ill lilt- diiii.sfiic anti I 'rctoccouasystems of India, Africa and l ftta- 
Utmifl. it is iirenod by many imminent geologist* that kml emmet?' 
tioii existed between these distant regimm lemw what is now the 
Indian Ocean, either through one continuousKniilhorr. continent, 
or through a Beric? of land'bridge* or isthuiiuo links, wliich ex¬ 
tended from South America to India, anti united within the sSane 
border* the- Malay Archipelafp) and Australia. 11 m* pn-seiict f>. 
land connections in the pouthsm world for a tong sttfl^ns»i°n o 
ages, which permitted an unrestricted migration aflte animal and 
plant inhabitants within its confine*, is indicated by mini Iter vert 
rnllitip cHjcutnBtfltie.. ft is the effect of such a continent OH Uw 
ammeter und distribution of the living fauna and flora of India 
mid Africa of the prose ht day. Zoologists have traced unmit 1 - 
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tokabte affinities lietweeii the living lower vertebrate taunn of 
Indifi find that of Central A&icn and iladig^mv. rolatimubipi 
which mil Id river haw «mW*tad if the two regions liftd atvajni 
been apart, unfl had *wh pUrtttod it* «wu Independent muw of 
o votut ion. From data obtained from tho diitribution of fw*U 
('retneemiB roptife*. (specially the Saurojhwls. Pwt Von Uiwm 
engg^ tR n dwt in i:t. land-connection through Ltmvnt i (the nnmi! 
Ktvcn to the Indn-Madfigrtiwir toiiLinenU U» South Atnerim, Ai 
wording to thfc authority, lib i 'fi-tau-*™ dmamrn of Madhya 
Pradesh belonged to th* H*nw Fatmistk province ii& Madagae^ir, 
(tnd thnn- is a great. ftimilnritv in the fauna of the (utter with that 
of Patagonia. Brazil, and TTruguay. Thwo fiu-rs i^int tn mm- 
irictcd mber-roignltinn ofJand aniiuofr over a v«t southern conti¬ 
nent The northern frontier of this continent was iipopoxnnaiwy 
co^oitensive with the central chain of tho Himalaya and ™ 
washed by the wiitra of the I eth vs. 

The evidence, from which tbo above oimolu>«>n reganimg an 
Indo-African land . ■jiiiieeth iiiH draw u. is *> weighty and so mnny- 
sided that the different nf opinion that oxhrt mm ***& 
anpert am only to the mode of«mtiftuil,V of I ho land and t W detail* 
of tut geography, the main conclusion ttiug *f^P ted “ 0 f ‘ 
the s»S3 facts in the geology of Uib 1 ^of the ^ 

eutecriel deposit* formed by tho tiro* * tb» ml-nlMj 
the long scries ofagv* *ro preserved m a number * mb *J d 
throughout its area, indicating a *«*»! nmfnrrmty Kffap 
of life and rendition- up it* rt«rW- Tim term■ .ondwmui^ 
baa been ron^ueutly extended to include ail th^ hntagl■ 
while the name of6Wtmmito.d is riven In ■- 

African - American «H>tinent or aidripdago. Hie’ 
called into existence by the groat cnurt-movememe at the beg*- 
mug of this epoch. persisted as a very prominent fcaturu m *'» |_ 
geography S the nomrawuwneat of the Cwouraic 
Storaliv with other j.hytfed revolutions in India, W- -V 
menu uf'it drifted away. «r ™bM- 

ocean, to form what am now the Bay of Ifrugal, the Arebmti Sea, 
I'tc j. thus usol&tiQg th^ reminswb t||il! 1 

lilt- Oortd«Hiira M«ta* it in many rousts ft unique " 

,„!r»ti<=h t .uo ..v^ur 
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lh « Gondwima oounin poured rkv» detritus, and the prettfrotion 
of valuable tosl-mfMiin* lying imdiuturWI aiming them stamp 
I (iesc rocks with a striking individuality among tile geological 

evatemu of India. _* . . 

The geotectcnic relations of dm Gondwaaa cocks I be most f n- 
portent fact regsiding the CJondwaim system is it* *nod> of origin. 
'Llie formation "f thousands of fed of river ami stream deposits in 
definite linear tracts cannot be explained on any other supposition 
than the mw already hriefiy alludml to H in suggested that the 
mountain*budding and other cnmWJ movements of uii curlier date, 
such, for instance, as the rejuvenation of tin- Aruvulli ami I lie 
Hasten* tlbat runges. bud their rcuoUon no* in Uie subaidonMt of 
large blocks of the country to the eqiiilibriuni-plune. between 
vertical or slight.lv inclined normal faults in the i-ru*t. Incut 
depressions nat urally became the gotlicring-grminilfl for the detn- 
tut? i)f the laud, for the droinNjp vynlrrn murt (mhui havo beUkcni 
iteclf to the new conhgumtion. Thu eon Eini tally iuorwulug lm«l 
of the sediment that were poimxl into the Uuviiw thorn to 

dint rtslfitively to lilts &urrounriin|f Aruhuuan or V ituilivjui count ry 
from which the wdimefif^ were dorivud, nud thus gar-e? rise to a 
continuation of the conditiuit* without interruption. 

Although in a piml »ny the Qouduiuu were dcpueitwl in faulted 
depression* which Iwve a general izorKsp&tidooco to the present disposi¬ 
tion of their Ofltoebp. Si should pot he augpoafcd that in #vtry 
Lhasa outcrops Imply the original fault* hound haatu- Some u! the 
boumiarv finite may bn of po^Gcpdwm* Mgt, Jlu- original limits of 
d#pwiti ?Ei of the individual IhwIa itOW found in thc-30 loams may not 
oorrorpond in itvery w To the profit outcrop*. The striko of these 
futtilit ilalimiting th* fimidwuua Imdns is E-W* in the Hrngal-Hikuir 
nn-a anil X VV _ *_E in rho Maluwndi *im& ftadavari Valley*. The 
down throws of tJhMtiniu bounding fault* nm generally unequat m 
amottnt, on the #mil,h *ide of the Ihimodar vaft^v iht 

thitiw ift much puller thun rm the north inarjEin i riir h&ritia on the 
(ioiiiiean anti Wahamul? Imvo nibriited much more on their K.E 
margirtw than mi xh*- ^ W St e.h IhU cin-iuimUncfl lliaU has drrternllned 
ifio prermitim: dip of Gondii ;uin ^LrnU fc*< Uio south in tho former ftiva 
and to the NJL in the latter. Elinor orra or obiiqim faults nro *t*o 
stseo In the? henna: thew have afforded dunneli for the later rgneoti* 
mtnmoNH. 

Jt m tlU^ idtihiuj uf the h/ailuri brought niiiuug the Archaean 
cryaiulliiip rodbt that Ims teuriod tu ptivflrvr the Untidwana toek® 
fmm nrutoval by huKhw to which they would oar- 
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tn-inlv have lien n ullit'fuw «object. The liltito **t I 1 * vert ire! 
hnihirig diii not disturb the original hwritoutnl rttatifirflti"u of 
tin- ilnpiNilr lay i aid ifiifmctinL In Hum minor Warping nr ri eltghl 
tilt now Ui mu* direction, m>u to Hie other. while it made for tlwir 
prosertmtiijii during nil the sul^oont nuns. Air almost nil the 
,uul\ nf India i* derived from Hip coal-senma mmtowd in thr Good 
m iuiu rooks, thin rireura*tatu» is of groat economic im|MirtanM) to 
Judin, sir in* to it we owe not only their preservation from erosion, 
luit their immunity from ail etimhinp or folding which would have 
destroyed their couiSHorcial vaJurj by making the extra* 't ion of the 


coa! difficult and 

Their fluviatile origin The jhieiatSk Minu of frlm Gtaidwaim 
deposits is proved not only lry the largo number of the (inolow*! 
terrestrial plants. mtstaecaofl, inotota, fishes. am phi hi mis, reptile*, 
el®., anil by th. toliil absence of the mmim- mollusc*, oorahr and 
i finuids, but also by the cborector and natotre of the very detritus 
itself, which gives eoudusire evidence of deposition in bread 
river- valleys and Ijjl-Lm. The rapid alternations of ■ nmwe- and 
fine-grained sandstones, and the numerous local variations mel 
with in the recks, point lo a depositing agency winch woe liable 
to constant fluctuations in its velocity and current, Such an 
agency W river water. Further evidence 1* supplied by t he nt her 
characters commonly observed in iho aljitrial deposits of nver 
Valievs, midi as the fn-^umiuy of fabe-bedding, the existence of 
wrnni boat UBcnn&mnitiw duo to what U brown ns " «**«'- 
,mnuieo» erosion " by a current of ttuwmsl velocity removing 
the previously deposited aliment, the inrercnhmnns nf finely 
laminated days among coolly »tret tied vmdtM**, tic 

It is probable that in n few instances the deposit* "ore ar.l down 
„, lakes and not in rivw-bjttta* "/ ' tine mlty stiolos of the 

Tttbhir Hag* st the bottom of die systonr. "Ore dmwcMn irhar- 
Bd&er of the hautn*' deposit* is that the corner #*o^ lire 
confined to tile margin of • he Juke or haem, from which there is a 
enwlation towards thn centre when? (inly the fiftw-t sdUwtot prt 
dpitated. Breeds. conglotucreto* and gnls mark thr ^lidury 
of ancient lake,, while finely iamitmtoi sandetoncs and - are 
found in the middle of the bMto* ™* rs frequently obeen *d in 
dt^josite belonging the f l mls-hir eerie** 

Jninmtic vfcisotiMlw-Tli.- GctwhriU* system i* of 
tearing the marks of several 'hanQt* tftUnUtht in its j^k.- 1 11 

boSr-bed at its Ih r» tolla ua of the cold ol n Glacial Age at the 


|-(l ftEOLOOT OF QaM 

rommwnnmii -f ill* ... Hu*' ' «i.nwW.twl 

ftii-l lit the mm* I in*' ml«li iwfeniM u, d* b > /f 

OrtBanoo ii| ..h r beds ul the ■■■ *'«'h ™<>‘ 

separated nit** a* HaaiUn, Kuahmir. Simla. rtalt-Kaiige, I-ujpii- 
tana Madhya ftmlmh and Of*** Thin Uppftr * h.Weron* 
ditdal eptMtb is a wallustabliahed fact not only in India. t.nt in 
otlisr part* of (tetjdwaiiftJPLiidt UJ Australia *nd Soillh Africa, 
TJip thick coaiaesnut in tin- strut i of tin* succeeding opp™. P»mi- 
inK t .i 0 aiiprmbitndAfloe of vegetation, suggest * much *nrmr-r 
dfaucts Tin.' i« followed by wll«r - ok I eyafe in the nort «ne* 
(tlu* /VinrAcfi. tlti* evident* fur which i* contained in the presence 
nf undcearaprted gniine among the vl attic sotHowntsi. 

The Istf-mmt-ioiHHi faut prove* tin- oxiaUnioe of ice among If if 
uventit of denii-l.iHmi. by which the oryntmlBni- rocks of the surface 
warc^istntcjrra^ by fowl, action, and not .kanuptacd a* in normal 
din i it too. The thick rod Middle GmmIwui aandaUrems «tOC*jdiI»g 
the I'nnrhei lw-dn indicate arid desert conditions during * wnmv 
whflt later period, « conclusion »nminted by the providence- in 
them of #o much fcmiginOU* matter oouplnd with I bo almost total 

absence of vegetation. _ 

life Of the period—The MtyRHic rmttin^ entombed m the sedi¬ 
ments of the Lower QondwuU division an* jKodominoBtly phuvta. 
member^ of the fiktapownyifm* ami Qtotsopteri* flora; they were 
preceded by characteristic Middle and Dpper Uoiulwuna ftoros. 
These floma are numerous and of great biological interest, an 
furnishing the natural history of the large continent; but they do 
not help t» in fixing the honmlaxd of tin* different division* of 
the system, in terms of the standard straWgrOJilucal scald, with 
other pnm r.f the world. The puliu-ontohigica) value ur IcrmatTinl 
and freshwater fossil organism.* h limited. tw (hey do not furnish 
a continuous and connected history of their evolution, nor is the 
geographical distribution of thdr sjieeit-s wide enough, as is the 
case with tlte marine molllt**, eclunodermi. «tc. Plant fiiiails 
are a I him hint, and are of .icn'itc in enabling the different groups 
of exposures to bo subdivided mid correlated amowj ffernttfoef 
with some degree uf minutencm,, Tlv* lower Gandwanus contain 
numerous ptendofperma, ferns ami cquhetillNA; the middle part 
of the system contains a fairly well differentiated invertebrate a» 
well ae vertebrate fauna of crtJatactsa, inarcK foil, amphibia, and 
crocodilian and dinuwiurian reptiles, besides plants, while in the 
upper division there is again a rich assemblage of fossil plants. 
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„„ w vlm'fl v iiflhi* higher vogcttblo flulj-kinpili'in iKponBaphyt* I. 
0VWM te mid - muter*, with li»h ami --ther wrtelirute Teniftitu*. 

A Miet^lon of dfattoct jlowi.* has been worked out from the 
fihute and itombtoitD of the various Gondwnnn drteicm* by 
unlaeotetiaiiU'te, and disumiimdied «a the Takhir, Unmuihi, 
ftumgaty. BajmakU t Jahatpur ilof*, e*«., T***r“*«g 

individual tlmrutttTOlio of it- own. 

jflohuiiju uTfltiutlwjiiiaLui'i from the northern world m th-- 
IVmiu-Ciirf* uiiferon* i* indicated hy its individual i>c.l fossil Awe*- 
Tin- fiOtttnmpotnrHw »( <lie (tangvmajitrrtK and iHo&Htpfcris flnra 
l>if Oi‘jan(o]ilitii< flora of North Ament* and t.liiim, the 
AngtirahtKd jiorw of Siberia find North Kisrnpt and the Isju'tia- 
Jrttdmn and ityiifarid don dutrecterisiie of Wert European 



J^in |£ —KL-Ms iu4p CSoiMlwaiia <XdfTO$\' 

(.‘arbuhiferviu* oiul.pu-iwi.rcs. nil unlike each »tlmr Tim U* 
pained JW» wns the direct deromdont of the .*] iiora 

which m-rvHilcd the whole world in the begmmrut * »>•,-( tfb>m 
fvmitH While tlmre uru .. few forms gunmen (hi the h«»mM 
ami flu Angantbuid lion.# (pH^% <*"e tl ' '^J d ' J ' 

isthmus coimtictfon acrua* thf Tethyi? vm Km-iumr “« * 
Pamirs, during the Takhir-Ucumnte period). t here » nothing 
common Iwfween lh* Got.dwana ami W«*t European Hnnw, , W 
the Cbh» and Indo-tto floras. H"‘ the 

uniform AUee^w flora wua brought nbout hy the e"* 1 ** 
gmohinul revolutions of the Hcrcyiunn epoch-an epoch of 
earth-mo vnitieut-H f.^mliug the Upper Oarbomterouic 

Land-bridge between Oondwanaland and AngarsUnd-llm .de^ 

of it northward migration of Condo n on te nd plant* Hir nor iem 

continent of AngwrittOd ttM forty W ^ 

discovery of some marked nfflniti* <rf Bw*W" ami Siberian fo^d 
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^Imil. with i Lii 1 flora of iiirljfu Zalcwky nr| vowed 

thF' view iiriuUimiigiNlirm, and sugjEtwttodI <wi isthmus oorUieofcirtg 
t|ic* two continents fttw? the Ifinjftiflyfln 8®r»- 4 1 fdel work in 

Kashmir h** pfowl UjaI during the greater purl uf the Silurian* 
Middle C*rbonlfermei interval dry land existed in N.W. Pmjnh, 
S*Jt ■ Range, If ji ?.n ifl and Kadunir. to as liir north fis the Paiuira. 
Iti all UuH« area* the Cambists Ordovician or Silurian stTCta niT 
overlain by the Upper Carboniftrmie ,«.01 nmending vritli Hie ParijaJ 
Voleann? series, with a pronumiml and widespread regional un- 
ecttfortnfcy, Vm mid-rblnfiosoie land'inaai nf Kashmir must 
have FiiiiciiiJijt’J afi a bind-bridge between Hip Two continent 
Iwfon.' the tTpjm C^bonlfitiHps ad 1 . Even during the I ppef 
1 jLrbmift-fnu v, Iho Kashmir part of the lothvs must have honu 
studded with an jirclupdAgO of volmnic islands which may well 
[save permit led an mteielmtigu of land plants* 

Both the auppnrters of Wegener’s theory of r oiiUm-ntfll Drift 
and iti opponuots have looked for evidence in support of their 
p*a pectin Yiitw.i in the later geological history of the difFermt 
unit* nf flimdwnimJftiuL Thu sdpatatksn of the now ■ discrete 
unit" of the onee reici limit jus southern etmfcimmt of l he J/atiiWBOic 
(Pangea) wosi brdtsghtAbout* according to one vi?.w k by Hie drifting 
Jiway (s.e,. north easterly drift) of India Lroiu Africa; and by the 
fragmentation and Foundering uf large of l.ljn hind under 

tJieocmmfl, according i** the otisor. 

PalHHntulngiaal facte dearly fthow that the Indian Mnaouio 
ryntemu, from t he Trias to the Dunum sing* of Lite Cretaceous * 
are more Hu&dy related to ihim* of Madagt^imr and South Africa 
than vo Hump*. Only at the end of tin? Crotatwue doc* the fauna 
eudon^J in thv Infra- and Inter-tfappaii Itfda* show raMiomhips 
to Sind, Persia ami further west In m important [«ipor on the 
geographic I rnlAtkiiu of Gundwa rut land. ilw om Inert American 
gnoIogikbSf SchurJu-rt anil Bailey Willis, present geological and 
biogcographic evidence which strongly mipport* the existence of 
laud-bridge* «r ufthmhse* of the rurt mv ««f Corriillani*, mthnr Hum 
11 cuntfqumi* tuml-iinuro, i-ionriectiug Afritk* and India, 

from the pra t'anihriun to the end «f the Cr?tiu*ou&. A L„ tin 
Tuit, on the other hand , supports the hypothuda of couiuiciitil 
drift in n j»«per nn the geological comparison nf the aedim+uitary 
Sdpienw in South America with Hint in South Africa* 1 
Distribution of the Qondwajia rocks—c)nt crops <1 t Fit- Gondwona 
* ^ ftm fh*r TT^iuYfi^Our ConJinmf*, 103?, 
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system ate scattered in u number of mon or J«is isolated IJMin* 
i see Figs lfi and 17 ) lying in thenlih-r rock-* ,)f tin- Pen in mi In along 
rertfiin Ten- Hcfinire Unea, which follow approximately (though 
not *|w«y») thr ooiuse^ nf some of tin* existing riven, qf the 
I "cnin p' 11*- Three [urge tract* in the Peninsula can lrt< marked nut 
as prominent tlotidviuiii arcan: (1) a large Jiiu-etr treat in Bengal 
along the volley of tin* IMmodar river, with a coimklembJn area in 
the RajuiaJml hills; (?) an extensive outcrop in Madhya Pradesh 
prolonged to the wrath-cunt m a bolt approximately following 
the Mahuuwtt ralloy; (*J) m M*riis of rant** or le^ «inm*'U’d 
troughs forming an oSungated Urn I aluug the Godavari river from 
near Nagpur to the head of its dnlte. Brajdi’* these muni arena, 
outliers of the Upper (jonrlwana rock* Occur in Kathiawar, Cut Hi. 
Western Rnjpiitjmn and, the most- Imports lit of nil, nlung the 
roust. Similar rooks, containing tv pi ml Upper Gtmdwaua 





lfg= ; J .u;..j.r-jim n tr-ft I #*+> L^I3 i Miff** H* Jlt***M 

F iV . 17 . TiK:tanif. loek* Ymiknl 

eeiilfi esm^prntlML 

mads and ferns nre fnund in Ceylon in two Hired!faulted hasius. 
The Uondwann system, however, is not confined to flic Peninsular 
part of India orilv, since *o tod onfUsta t,f th “ 
to the north of’the Pcntimulii uu tin- other side of the* Indo 
Gangotio nllnriimi, at midt. distant centra u* the Punjab Suit- 
JUnpo. Shckh Kudin bilk Ha/ara. Afghani* l an. Kn>lmur ( Nopal. 
Sikkim, Bhutan, 1 Assam, and the Almr country * 

’ From whut has h«m said regarding their mode of nngm and 
th«r ueoteBtonic relatione with fi»- older rocks into winch they 
have Iwen faults). the above inaimm «*f diction of tin* Goud- 
wana outcrops will f«fly be apjauwtfc. It ^ 1 , ,at tho 

boundaries of the outerojB am sharply nmrk.-d 00 m nil fidm 
nnil that there is a zone of mmeirliftt disturbed and fractured 
rock along the boundary while ihe main body "f «-be r.*k,j ih 
oomparativdv undisturbed ‘Hi* are actually ufc* rvnd feoia. 
who- the tknrfwLina strata never alum any fwldlpg ... phmh.rn. 
the only disturbance being a gentle in Hum tom ur dipping, usimlly 
to the aqliLb but sometimes to the north ami north-met. I in- 
* /?«. Ojs.h vw3. ivlv pt h Wfc * IN ?.» HJ att. IP*. *. **» 
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extra-Tain turn I nr uceumsntms, on fhe oilier hand, have liwit much 
folded and cuftpretacd, along with the cither rock*, and ** » 
^queum the sandstones, shales find cmil-seatiin harts Wo meta¬ 
morphosed Into quartzites, datf* and carbonaceous (graphitic) 
•‘chinte. These iixtrii-L'cnirwmbir ootnimmoce am of interest *. 
Indicating the limit Df the northern extension of the Goodwan* 
Ctmtim iir m.J -Tip spread of its peculiar flora and fmnm. 

Classification—Tlir uvalanm is Hi-ilicd into three principal diet* 
fliuiut, the Loui r. Middle, and VpjWr, oonoaptrading in a irenemf 
wa y mipeetivtdy to the Par mia n. Triuisic and JiirB*sioof Kwept-. 

fallowing toblw show the division of the principal *eoticn8 
into aeries and stages, their distribution in the differmit Goftdw&ria 
nn'jip nidi the imnie.H by which they are nroognisixl in these areas: 

] Hr octet Correlation of thr flomHmnit of httlict with #juiv*i- 

Itut deposits of other jjort* of the Souther n !!• uiisphert. ft - N- h\>x.\ 
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i. LOWER OORDWAIIA SYSTEM 

Talchir series —The lowest beds of the Lower Goiidwuiin firv 
known n» the Talchir tfiiw, from their Aral recognition in the 
Tnlehh district of QrUsa, The wries is divided into two stages, 
of which the lower, Lin- Tulmhif stagr, 1ul» a w ide geographical prt- 
voir nee, >wiil is prwont in aJJ the localilim where Good twin rocks 
,,r f i fuiiml, from lhr I'.'ijmiihiil hillf to the Goduvan ami from 

Kin liiru nj to Xnojmr IV gnmp w quite huiiHH-uueoiu mu I nm 

frn’iM in eompositiiiii over nil thtwc MvA', old ihu" cuuafcjtwivs a 
valuable! stratigraphic#! horizon. The component rock* ( 300-1 no 
(cot thick) are grevri In initiated hlnde* and soft- tine sandstone*. 
Tlie sandstones contain w*deeompo*&l fidspa* grains, <» foot w hich 
















r,r>flTm tJOsuWAKA system 





































CJftOLOttV OP JXDTA 


]K2 

’isuusl $ tliI- prevalence of bind toe :i ill! th"- fii&rupHvr n«!N r nj "I 
froti filarial condition^ an , liowrver t rrmn fc rlenrly indiraled 1 a 
( i boulder-bed also of wy wide prevalence in oil tin- fhjndiMin* 
ureas* routaiiiiiiif the fhnnictrrifltit^llv glaciatri i ^trialed nxul 
faceted bbcfca of rock brought from afif and embedded m ft fine 
HiU-Jib- matrix h The prewmcc of this matrix a Jftuw- 

g&icmf agency of tmiwport and dr^^itiufi rather than glacial. 
The boxJdera and block* were trufiipdrifltl m i louring blooks of 
ecc^ rind dropped in fcb* + Tfllohlr b^m*, in wliicli the deposition *il 
fine silt waa going on. Proofe of similar glacial OOflld 11tfMSi thb 

stage exist in ninny oilier part? of India. rf:. tlur Anvvalttft, Ruj” 
pi it mm, Salt-Range, Hoxata and SmiU Tbf AmvftUiH in th* j 
north and the Eastern Uhata in the south-east weir■. it 
the chief gftdiering groantlfi for the K»OW-IIdcb m iliitf fiiiio. from 
which the glaciers radiated out in all directions. Mmijv part* of 
tile southern hemisphere, a* shown in the table on page I ?W # ex¬ 
perienced glacial conditions at thi* period* Bon Ukr-eongJo i tier - 
utes itiUites) hmuotaxial with the Talohir *tnge occur in South 
Africa [fVwyka series), poutln?ub-l. Australia (Sfurrecf Series) and 
in South America (ftaram boijlder-lw’ds). 

Tftlehfr fossils Fossils an? few in tlit* Tulchir stage, the lower 
hods being rjtufce unfo^ilifcmup, while* only u few remabu of 
terrestrial organisms are contained in the upper sandstones-; there 
am iniprcpsions of the fronds of the most typical of the Lower 
Gcmdwmia seed-ferns 6mgofHopkrU n and OlowopUiriG with its 
eharaeierwtic stem named Vtrtcbraria\ also spores of various 
ahapOB have Iwm found on some fertile fronds; wings of insects, 
wo mi- tracks, etc. are the only signs of animal life. The Tidchir 
atage is succeeded by a group of coal-bearing strata known as the 
KarharUiri tfagv, CTMMHW feet in thickness also pf wide gcographi- 
cal prfTvalftuDe. Tile rock*? arc grits * conglomerates* fchpathic 
sandstone and a few aha tea, containing seams of coal. Plant 
fossils are mimerom. lire majority of them belonging to genera of 
unknown affinity* pttiruiMnuHy referred to the tila&d of send-ferns 
(Pterido^jiomiJi), The chief gen cm an>: 

iPterido^pertnBj OaTigamoptrri* ^evera! njici hw— this genus 
being represented at its b<st in the Kurhnrbari stage, Qfotefrpfm* 
and its &tem Vi-riebrnriv Gq tvhmnidium (formerly known os 
Acurpp^nJtuift}. 

(ronloitales ] +Vl Kfigenithiop* m. Eu r\tph yUum. 

(K4pii|w?L*l(-3) Srh i&mt ura w 
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(Ittcertue) Enriada, QMobttfiu. Athena, 

Beside®, there occur the seed-like bodice Satftarojms mid Cordui- 
earpns, as well aa scales with an entire nr lacerated iniirggii. 

IJflmuda series —H ip Talcliir .-tcries i& succeeded by the second 
division of the Lower Gond warms. vile fiamuda writ*, the um»t 
important [Motion of the Condwnuu tyatein, Where, fully de¬ 
veloped, us in the Dammlfc area of Bengal, the wries if divided 
into three stages, in lh«d(MMdbg order: 

ibmipinj —.HHMi fwl. 

ironstone shale* (Barren meusim*) l inn lent, 
Bnmknr -2<H>0 fret. 

Of these the Barakar *tAgn. nnmod from the Hainknr branch id 
the I >u»riMJ.ir river, alone in of wide distribution nimiig 1 liu Goiid- 
Wrtiia bnsin^i oiitsiiii' ikn^ul. ii* in tlif Sulpurs ntui the Maliuimdi 
alirl Godavari valley*; the middle and upper m«nl*ra lire miMtng 
from inrwt of thi-in. being restricted chiefly to the type urea of 
tlrn Dumodur vaifoy. Tim Bum far stage tests conformably Upon 
the Taidiir utricft,' and cornual* of ouarse .-oft usually wlut-e. 
imi^rve -mmbiloJit-t and ahlifa* with coal-sou tin*. The UankorB 
ronUin a Imp quantity of rout in think coal-sewna. ibougfi the 
quality of the wil iB Vambk. Thu perrentago of carbon is 
aunwt.im«t so low ibat the c*juJ |*asses into mere earboniM3cm» 
phiih 1 by the targe admixture of day. it is 11 H unity composed of 
nkematJng bright and dull layers, 1 The coal is often spheroidal, 
i.c., d break* up hi to hull-like tussiii’s. Tim /rr>rtrfto!i< sfAnfta are 
n great thkduiriw glcarlwnucisiWH simJiss uii boon rent Ion* (Splint, to- 
airier it*-*} of impure iron carbnnht* at id oxides. They hate 
yieldi-d murh me of iron formerly used lu the blaat-furanisoa of 
Bengal, This stage, which ii) ubmil 2000 foot thick. also known 
under the tiinm/ of Barren iWfliNW'o, Irom its Uifjtl luck of •’-fifil 
scams. csHststi itiwlly of imnbttiBns unit carbonacwiiiH b hales 
The stage i„ nil! with in the Jhnria and Kanmpui n coalfields hut 
when followed w-mshhIh it merge* into the overlying Riuiigunj 
series. The group » of a most itman*t&al l.fiicknoss mid appear* 
only at n few localities in Ui' UuniudiL urn being ultogerher 
mining from 1 he r^t ofthe i haul wan a aizm. Tin-, is miccoeded 
by the ibnigatij tUtqr of tin 1>« nimbi seriw mmwd from the 
important mining town of Bangui. I fie Kanigonj stage is com- 
jH^d nf native, Wmvbedilatl. out**** ulul fine aindutotit- mid 
I ^ |,',i 1| ^Jnfi.iHi Hi-1fit) «( lllilmfi I U"i. f/jfJ- bit. II'SJh 


m 
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red, brown ju id hUt'k shales, with RUnitrolls Interbedded c0*1- 
Tfacv samlatones air fdapathio, but the fttlspttr in them ia 
Fill detain [» t>of, * r mm knolini^rd, The ronf i h uhmirUht m= 11 r I of 
|jr<KMl I|UJ 1 lit % 04 SI fnol. with a percent ngD "f fixed carbon gmternilly 
jiIhjvei fin. 

Ignyou’- rocks of D&muda coal-measures ■ Mirny of thr* c< mlfields 
nf the Dmuodiir valley, especially those of the eastern part. uv 
invaded by dykes and a ills of dolcnto and of an ultm-baskt nick 
which have wrought much destruction in the coni--so a ms by the 
contact-mptnmnrjFhisrn they have induced. The invading rook is 
n mica-peridot itc K con turning h large quantity of apatite in the 
Itamodar valley. and dolftrito or basalt (Deccan tmp) in the 
Matpnnk and Rownh arcus. The (wridotite has intruded int.hr 
form of dykt-B und then spread ibadf out in wide honnontal sheets 
nr ail Is, Another intrusive rock is si doldrite, whoso dykes are 
thicker, hut they are few er and are attendrd with Jc&- widespread 
destruction nf en»l than t he former. 

Effects of contact-metamorphbm The otir+l is converted into 
coke, and its eenitomic utility destroyed. 'Flu- re ti pp pcaJ effect# 
nf ooiitAcr-nK-taitujqihisni an the peridotfte as well ns the coal arc 
vary instructive to observe. Tha peridot dc has turned into a 
polo earthy 1 and friable u\n& w ith breiue^totoural scales of mica 
in It. but without any other trace of its former crystalline structure. 
On the other hand, the coal has coked or even burnt out, becoming 
light and tindery, and at places it baa developed prismatic structure. 

The D&mudA flora The liaumrln fossil* are nearly all plants, 

T lie fitini is chiefly cryptogriiiiic. satiated with only a few aprr 
maphytes. It is cxoeodbl^tj rich in Intend ns penii leaves of the 
iicr vtuii/yl typ$' the- genus Olo^mpttrv^ here attaining its imuti- 
nimn development, while (iktitogamapttrw is on the decline The 
following are the moafi unportiint ganem 

(Ptcri3e«pmnsy OLtiteopltris with F> riOjniria. uh hmst nine 
species. several of I hem confined to the Tn iiuniii] at ago, 
mopttri%, liehtsinopkrin. Mtrian&pfrxi*, Spht.wpimti, Pe&>pltr\i* r 
Patatioviitnria. 

( ? Ginkgo* Ins) — lift* 

{ Cordattfile* j—yixgg* mikutpiU, fluHarylttit r 
(< 'ytuuJijphy i a j To* mopto i \ udo^hruU, 

(Filiiiilr-f -1 luth*phkh%*_ 

(E<|iLiar r.di-H j — >Sihi.:*m ■ tiri Ph-fftiorheca - 

(SpltuiLtipiiv'Uaj - SpA i rt&phif{lum , 


gSA+muT 





D.UtH tKJJ !AGIO!'" Kill till >L Nll.f. 

I'l^HiMU I■ nil 1ti<' j iMINC U*ywt+\i 1**tm 4 &Jut L I., t nm„r |H.W hJ t luTm, 




















LOWER OOXIMVANA SYSTEM 


l S.'S 

jLyeopodi&k'id —' Bnikiuflrndron , 

(Inrertfte)— Httrakanu, Diet ijp}ttr net iuvh acnles .^wd* mcliidhty 
SnttMrojMif mnl Gordo itarpiif- 

The nniniali include Btthrria, LftbyrinlhDdnntii and sonic Fifths. 

The Damiida scries of other areas -In the .Sutpnm urea the Da 
muda wif» is nspttwi-ntel, in its Earakar and Raaiganj Pastes, by 
about in.IMKl feet of ■atiArtona mnl shale. i™i*tir.uimg wlmt are 
known as ilit' Hamlvtt. Mat nr and Bijori rtagw renpectividy of this 
province. TJie Mtdipatu nirl tin* JVmrh valley coalfields of the 
Sutpnm region l«lwig to tile Hamknr stage i»f tliifi scrips, in the 
strata nf the laat-wmed stage, at Bijori, there occur bonus and 
other mil aim (if a Lahyriuthodont [Qondtauuutiurvi), Othei 
fossils include iu»|es and teeth of gun aid fishes, .tnd wed-ferns anil 
nqiflsQttrniA uhmtind with those of Bihar. It ia quite pnrhabh- 
that large exjimisea of the Lower 1 km Jh ana rock* ate btiriwi umlor 
the ham ltd of the Satpuiiv . on I they have contained. nnd 

imsaibly still ts'iitain, tonic valuable foil ^nms- 

Anotheraroa uf*J» Pemmudu when- the Dpmuda series i- rtwg 
niMwl, though greatly reduced and with a somewhat altered frdes, 
is in the <3od*v*ri valley, where ft long but narrow bund of Lower 
Gtinrlwann rocks stretches from the old coalfield of Wurora to the 
neighbourhood of Rajahini indry. The Skmitoir si age of the 
Damudn aeries pf«Vnil« in llst-r oi|tcmi» which bear the ooal 
fields of Wiirnra. Bitignreni. BallftTpur. etc. 

One more ontenifi of the Dmmidii group i- iwn in Uu- Ecwah 

Stare, Vjiuihyn Hhufeab. whirl.. m two plftoee liafl workable 

real wains, ig. in (he Umarift field The division »r the Lower 
Gondwans exposed in this field ft tin is the Barnkur. The Rmiiginj 
stage ia rejin.wanted in Nagpur, 1 lunula and tho W urdbu t alley 
|,v the Kamthi Ud*; by (he Bijori *Uvj* in the Aitpunw; by the 
Pott bed* i n South Rewoh; mid the UimgirM* m the Sfahmiadi 
Valley. 

HomotuU of the Damuda and Talchir aeries - Few problems in 
the geology of India have nrmiaod gnulor cunimvetsy tlmn the 
problem of the lower ago limit .if the Ckindwana Mwtnu The 
Tuli'hir series has been Tvfrmd. by different authors. In aliftoat 
evrrc stniligra^tlu position from Lower (IftrtwnJfaoua Lo Ims. 

Vlw discovery, huwevor, of * Lower Otttdw.. Wu. K uli 

Itiir, fmiring the eminently clmmcteristio gtriem dtngttvwffaia 
mul tffowwifrri* nvcrlving (he Upper eiftriu-ilfcwu*. and under 
Icing nnutoe r»wilifc«Mt» strata nf nndoiihfrtlly WttfBUftJi age, hiw 
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settled the question beyond doubt. A similar i^tirwnite of 
Lower tiondwcmn plants lin* tx t- n noted in the Loner and Middh- 
PmduiH Fig limestone of t be Silt-Kang^ the marine frwaili* (if which 
point to Lower imd Middle Permian Affinirins, The Upper Car¬ 
boniferous., or Poitou Car fo?niformiiH. Age attribute! to the Takhir 
glacial horizon hy this riruumstanra 1* quite- in keeping with the 
internal evident rhni m furnished hy thn Tnlrhir ami DamndA 
don^i iih wfjl fty hy the ftah and hhynmhridriiit ronminf. of IMjuri, 
The omnrraiee of Eurt^^mn and the typjfAJ Lower 

i iniMl r AMn;i hwsi I plants and in Mind 1 

stone* directly overlying the glacial honidnr-b^d of the *Sfdt- 
Uange, imd wituddenhiy Udow the horizon of the Lower Producing 
limestone non tinning the Kieudinid, I J amfmidi fattaem t> [a 
Penman form?, pliiura the boulder bod nt the top of the McwooTian 
or at meet in the L T uiIitin H Over non fc»?t nfHruKd*fon&3 <md shale* 
containing intercalations bearing fcat^dl fronds of genera bebtfigiftg 
to the Glcmopterj# Horn of the Takhir horizon separate thn two 
zones. The eminent American palaeontologist, Professor Charles 
Sohuchert. has, however, ascribed a definitely Permian (Lower to 
.Middle) age to the Takhir glacial epoch. 

Fun her ponitivoevideo go leading to the mim inference in sup¬ 
plied by ihe liower i Solid wmms of Victoria and Xew r *Sout!i Wales, 
Australia. Here. Gangamopl&ri'* and other plant bearing beds of 
uiulosbled Oondw&uu facies P underlain by a glacial deposit identi¬ 
cal wit h \ he- Takhir boulder-bed are found int^mrratiHud w ith 
marine l^eds which contain an Upper < arboniforriita fauna with 
Eurtfdzttma* resend jf in k that of l.lio Speckled tfiinrlstOHf group of 
I he Sa lLKungc. 

Ec on Giiiics—Th c Dm 1 i nda .serje> ih a i i a Ins a gtuaI -. tore of tu Ln v ral 
wealth in it& coa1-measizres i and form* t^nu clinically. one uf the 
in (Ml. productive hoiiznnn In the geology of India, It contains the 
most valuable and Iwst worked coiil-ikdiM of tf» country, The 
mining operation# required for the entrant ion of eoai frt jiii these 
fTwk.n are compKratiToIy -simple and easy beOUEsn of t he* iinrmmlty 
of the Gondwivna rocks from all folding or plication, Alan, pining 
in rudi* is not. so dangerous, on a«tmnt of the Lags common a**i> 
elation of liighiy explosive gaae^ (nusndi'goj* nr " tinxkmp M JI with 
the goal, as ramp ami with Eitm^nci er.?i3 fuiM*. Then- are, how- 
evor T specie. I dlfTioultii . u&ocinNH.i v ilfl the working of thick 
MlUKSt isal lire* mid -ohridem f * in min?* have proved very 
irouhltittimG, 
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Although Nad ^rWri tn India 11 - iitt-rr geobgiraJ fonmili»iTN it too— 
- .p. in Urn Tmtinry of ..Vi^aiii. Punjab, FUjpiUnJt mid FUlitdiUUif, mid 
ill t Fsu A ia i ii-sni . i i* kii jjj Cut di 41 ilL K hEaI nigh tin- Daif iucLi ee nr- Lh. tin« 
principal noum of Indian ixial f iroilri billing uvtfr ftO j mt cent of tb* 
toti lI Indian prmluwtkm. now about 34 mjlJaon tmm {w annum Thfi 
prinripat pen[tie] 1 1 b .rur: H-ihar and rnijoinnii^ area: Ifanipmj, dhnria, 
Gmiliii h Bnkitfu, Kinispuni ami Rumpm, Madhya Ptmlftnli Pmch 
YnNoy. lialtwpiir and Korns* Oi'm.m. Takhi r ; Hyderabad Kinga- 
rent, Tmidm? Tlin Utkuljjtuij otwdficlri eorors an area uf rtr Kl Mjuam 
mikw. wntftininK many at«nui of good < | u*i with intvrltfdd'd iron- 
atonw, One (hickorra of individual w*mn of coal in grout, in to 
/Ml foot, with ix-fisaional ^oma HO feet thJrk. Thu jnnnaJ output nf 
coal from kitnigtiTij otiLltarfai in HJ m ill km brnfin The 'Jhnri* field i* 
smaller in urns hut Int* ul prrwii ill® hrgt^t mifcput, nearly 12 million 
iom per mmuin. It is tho mwt important. ctaiHWIiIof Iiidf*, witJi ihr 
Jargrat ri>- -lj ui coking n>hL Thv eoal of th* Jham tfofd twlonga 
in gcnlogicai age t# tbeBamkor sfflge, It han J zm mototure and a greater 
proportion of lived Nirlroi than that of the Hunifranj *t*£e, which ho? 
mriTi? water and grrutor volatile content. Thi* nudfirikU of Kuranpura 
and Rnknro, r-n Mir wmt of.fham, contain thick wJimitjf valuable wmb 
only n flju.il I portion of which to coking e«^iJ Tin 1 Dimotkr Volley 
field® yield nearly SO por cent of the total cod production in India 
f)f tha remaining iteiidwixi* oo*UteM§ of India Ihosc of Pencil Vutfey, 
Thdlorpur. Korea. Tn Ichor, yingarani an d Tmidnr are the more imp^r 
tant. ITioi r ftAgregste yield to a littIt over 4 tnillkgi Inna. Own in ■ rein I 
production ofapal btiguu in Inriia in *l*uui 1S55 and Map tofnl ^oiommp 
firm to dato lian of Mac order of nearly 6d9 inlXboii Uym. 

In d a ml m iti cokiiuf coal aro almn«t ronfliiod to th e JltUna field 

and part^ of ihn GtHdih and Boktro fields- The roal of the Gifidili field 
h free from I'h'.iftj'Mirui? and ia, thiTeforc. of vnEueio the riiiurofaetirre of 
ftffm-mangnnfflo. Fuel meamfi experiment* during th*‘ truu. few ytm* 
have IniUcatod fha posriMlity «f rellning high-volatile, high ^h unis 
hy unci fioUiion. by *lm meaMH and hy LU-tidln^ «f Hnttahle 

Tarieiici» w*nia noft-coklsg E^ui* van hr wu \I for eoltr nmkinjj;. 

Bagfaka oc>itl r iron is. Uio ehiof prodod fro in tho Damuda r<ick^ 
white Ms uffirutebry. eJiuia-otey or kaolin, tunl ujnu-ooUa days, 
for the rttantifitoturo of flre-brkikfik lartbenwaM luid pori&oliiin, etta.. 
occur in eoiwidflrnhls' tjuaittitica in Bilinf and Mad by n rradenh, 
Thi- Riimknr icaiidat^iu'g ami pit* futnUU eimllenl mul^nul for 
milbtom*. 

Classification —During retH?io v?mt^ Ur e; rle P. Colter, in mi 
attempt to smbdidde the (kftdwiufi on a [labwolKitottiod 

bnste, hi^ fornid it mem tpiiroprU^ , on the evideiui uf an inter 
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^tiug Mjitf i.if plntit fuarit* obtained {fowl tlb Ued« of 

.^iLitlt item ah* I■ j include Alining ihv i llmidw&nap tho tUdc 
mum- of Simla whirh uveftfl - E hi- I iHfii udi* serim vmi underlie* Urn 
Eiajuifihttt cud kmIv hip in Ffttrl i be grou p Hint h»? Ix’rn bens traded 
us Midlife (HSMfhviUin Or, Cutter fmiiini thi^e ^8mln m question 
the f'ltirffttt •sticJs (divided into three stage*— Pam*kei n Jfo/mand 
IW.s^fij. find grmijMsJ them ithmg wilh llir Talehir mid J timudw 
HTri'fli in the I#nuer (lotulwicmii. \h S, Fox etj hit- no m prelim 
idve Memoir cm the C&titiwafm ayntoro ha* ndoptid n diffhrait 
groupmg ci-f thin- mulctti- lories In his nrheme of r l,t fiend hm the 
Si dm nnd rortOm (terfei are included in lilt? Cp|n*r Gotulwaiuw 
white the Paiidhtf* mv group?*) with the Lnwvr. 

The flora of tliii IhhU plural in thi- SkraonI -d.ispi- by Cotter ntill 
need* a erittcul etartmiAlinn. l\>«sibly the fiivsih bdlong to two 
distinct horizons I lie oMftr (eon tabling ■ typist (SfaNtupteri* Bora) 
definitely Mmigmg In thv bwtt f-rundwmiJi*. Ilk-younger (with 
Thinttfrld in tia the domhuiut gentle) Wunginp t*» tin- Midrib or 
I "i'jntr Goncl wmaiui. According to Seward a iuJ $*hrii tin* nffini rbn 
of f.hir (Alter flnm ore abo distinctly with the Lower rathef thim 
with the rpjMT l.irmdwmni (ht-fr- jhusc 11M > Sahlli field the view 
that on the pdae^hotardoiil rvidemr the ['inborn bed?* cmmui 
poshly lie dittoed m Jitrawicr. Thr cation that b here 

Adopted wm original h‘ hared on the view* of FtffctftmtiLeL and 
Vrabnburif, hut, chiefly on tithological ground* and the ItCr and 
[ihysieid nmtlitinn.* of the period embr/ieing the Middle lland- 
ff aniM, which were strikingly different from tHo&c [prevailing in 
the Drtinudu and Rnjmahd 

"Hie [iPMlii -e tif red inflientiu^ arid or Feruunlf ^?rt eunditions 

supervening on ihr damp fumst climate of ihr iHumisfa period, the 
Trufedu iifEnitie* of tin- fi^dj n:ptih'.^ .mil ftii- L^ nplKiltmi itnpliibia. 
jind UjhH roincJidonrw of tlu- bouivlury &t die of 

the I'am id i r- t?. with (hr unconformity nr dir top of ihe Hanj^unj f*rrir& 
fire feiiturrs dfc^dnpUJshuip The Middle Goodwu* proup. Tile total 
extinction of Gon^mm/j*ktu am! the Wph nophjfitohi after die Dajimda 
epodi %* wtileepmul, uml tirheti> a datimi-line of with* important. 
The Midi lie GnufEauna waa the epoch of mi^t extanfiivr Uud- 
tjourJi tlmtff m India. Dunn# the Up|wr GdnrttrallJi, irpdric b^gao 
to riieroidi cm ibs btittlcre fraio th* nortb u wt utiul ^emth^nsf 

Lowor Gozidwana of the Hiiualayas; Al ^eveui] localiticy idonp 
t bo foot of the Hmmla% 4k>«. from HiL^jirLi t,o ^W*an. of Lou i t 

f^enduana roekn nre found band withal iti betueen the Tvrtiaritw 
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ftiwi (JMf-r Himrilavrui struts. sometime* with coai-mrrnr. of 
Barnkar or other Horizons. These nntrrnps ore gOTternljj nnrntw 
aim! atniotnrally mtirh dfatttfbod, usually thrust ntrr t!it * .Slwulilt* 
of the fcwrl hill koto to the south. Only in the Kashmir amt do 
these rock* :iT!nin any (levdapnient and exhibit irorm.il 4mtt- 
graph rr relations to the J’ermo-* Vnbotiifemiifi. The J-Ower -OfHid 
warm? of Kashmir are Hcseribed in Chapter XI. 






HIAFTER X 


THE QONJJWAJJA SYSTEM U'fwiinimi) 


2 . MIDDLE QOKDWANAS 


Hetwkks tii'- upper iieds* of i !u- Dnnmda seric* *n*l the next over 
lying group of ^triilii, iii*rilly eiihIh-h! 31 tin* PaQGfcfit . MfduuleY. 
Mnlcii Min! I'nrwrr.. M'riw, llu-re U im ujjoonfamuible junction; in 
addition thro txfafU 11 iiiurticd dwturdaiH* in the lithologic*! 


«Wp » itioB and in Hit* ftwsil rajpiartft of these group*-. For these 
rt’iiwni Hir serin overlying t he ml InMiring IJftiimdaft have Itii'ti 
iwpnrately grouped together under the name of Middle (iond- 
wnnflfl by E. W. Vrodetiltwv J (Tonally it in the practic-e to 
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regard n rn iTtmn of ihs* Utter group m* forming tho npptfr portion 
of the ItondWfUift*, anrl thr remain hip paiH ji* lielongingto 

the hfittom pain "I the Uppei 1 ^nriwainiM hut m view of the 
ahnrp r[bqimiJnTiikB*» a* well a* of thf very pronounced IsthofngirLij 
rescinhlanre nf what are *-o diRtifigHjiihed she Middle < rond* 
rt'jimi" to the Triaraia system of Kinopo, it i* eottVetiieht, fer 
thf purpose rtf t hr student nt nny rote. to regard thf middle 
division aii ft ■■npnTiite Reef inn nf thr Gantt warm systoni. 

Recks—Thp rooks which. orniBtiuite i hr Middle f mndwaiiftri &t* 
;i great, tlurkrc 1 -- i>i m iwive re* \ ivn<K yeJEnw kwh* ;-niirlnUmr>. 
Conglomerates, grit- ami shfd+v-. niftogetfier drvoid of 1-1 I --tir> i - 
nr of Ottfbomicenu* mutter in any ulnipe, Vegetation, which 
tloi inched in Aiieh profit* inn in thr Lower GniidwaJiUA. became 
scanty, or ent irely diappeared, for the Will* in which tifflvrw ml 
ffSttcktone wire deposited must hnve fomiultctl very inli^pitablc 
environment* for nny liixumnt gmwt-h td plant life. The l.ypr 
ama for the development of fchb formation U not Bihar hut thu 
Mxihndev bi)b in the ^mptira Knnp-, where it hiring it ctinliduuii* 
line nf immense escarp roont* whidt a tv wholly mroponcd of un 
fftflailifernu* red snurktntin. (Sen Fig. IH. s ketch map of the II td 
(londwanas of t he tktpimi arra. and Fig. UK gnqmdiml cotton 
across it.) On this account the Middle Gondwonim Imve aka 
reuBivcd the mucic of the JIfiJktdn' *fnr.* r The railway from Nag¬ 
pur to ltarsj affords a fine view nf tlias* mu jth ward-faring ffetirpr- 
in nn ii fw j i tit we.'it of thr- fo rmer site * * f A* i rga H k i Fig i $ ) < HI in 

localities where the strata are wall d©Tftto|»d, though not incipjnl 

proportion^ am the ihunucb vnlfey of Bihar ami the chum of 
himm of the itOd&vari urea, The whale group of thr Middle 
ttondwnnn^ iu subdivided into t hree varies, of which the middle 
ntone mi (if wide extension. thr o? her two being rr>Mtinefl t 11 onr nr 
two local davatopmiinU: 

ifa/rri (mid Ptirwra) n^nufi — variahh^ thiiikiie^ 

MoAadet' ior Pachmarhi) aorfcs —m® feet to BOOO b« e . 
Panchrt aeries—I 5 CMJ feat. 

Fan chat senes—The PmcM writs with => ^lighl .. 

fumuty an tha denuded of tihe Runlgfinj *la$P but 

localities tlu a PfcflnhtitH overJap on to Hie ihinikar Htagc + \ ht* 
[xnd* ixinsbt of n I tern at inns of hne ot! olay^ and mirvieenu» 

and Itikpath ic hj* ndat< me^ , uccaftioaftlly contatning rollinl fmgtneak 
of iMmudft rock*. The iekpar m the ^mrbtohes in tunleoorie 
postal gniaa* ChftraoteritfUa Ffiurlirt plant fu^ib are Sthi&p 
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AffmW iiif/im, Pef^/Mcri# 

/j-fM, ST/amf/rldAi Thv group in of nn- 
portimrr An Gtm tattling many well- 
pn^i vih! remain* ur vertebrate animaK 
affording i a* pi li^lijijiw of iht fc highi-r 
laiui-llfr Unit itihiLbit^l tla- Gandwnna 
miitim/nt r(ii,'>-f ■ viTlfibimtc f(*ollauDluihl 
iif Ihe tetrth, m*nU% j^, vertobrtu 

miii oilier ixmi> uf hiiiiatrine itnit frenli- 
wntrt firilm, Amphibia tin him! reptile*. 
Thn-*- nr ftiui" g^ni of laliyrmtfuidoiitii 
(belonging to the extinct otxtcr Wfr.j/ort - 
pAa/ia of thi j ismphrliinna) hnvo befn dik 
OOTVFO^ bpidi** several gi-nom <if primi- 
Utt* and leas different in tod reptile 
PtRiobat fossils; 

(Amphilmi) ( i ma iogljjjit rr--. 

fAwr, and Pachr/yvniw; (Frail) Am- 
blyjttem*; UVji tiles) Dicynodon and 
Piifthimagum and the dinosaur 
Epioampo&m. The firali-water 
miataeniii Sd'ktritt fa very ahum- 
riant fil jjhicv&. 

MaJ liadcv scries -Tins J/hAo^t nriffl r 
locally al&o mtmed F*tirkiHnrki r m tin? mint 
PGiisjuoricm* and the best-devieloped mem 
bar of tfaf Middle Ctandvmnn in Madhya 
Pbadeah - Near Ni \gpur it consist* of aomo 
tWHl feet of varinnaiy vuluitrvd- mu^jvp 
ftuifiwti«n&i r with ft-rrugiumja and miea 
«o«M t Siiyw. grite* and tc^ugiomi nii^- 
Tlio miv-t typical Ji-i t'Jiijntn-ut of tin? 
fierio i^r ho waver, in the Mahaduv 

ujid Piuhniarfai hl\U uf the Snip urn 

nuigiip win-re it i> oxju'^i in I fu- gigantic 
wKMrpm&niii uf i.biw hitfe. Tf Lincau- 
Formtibly mcrlir- ihe Bijori titap t here 
(HnntQnnj Ntagv «f Jkifloflur valley areal. 
Hfrt* tin* M-rie* jh ttimpuserl essentially of 
(hink-ip-ddrd tmussivft Hindatoncs» Wally 
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calld i > m v hmarhi muul-tune-',, variimniy ruilnuretl by fcrTMitiimna 
matter; in addition to sandstone there are u lew *< little 
bed* which filler* contain n great ilful of fcnrugiiinim {flatter, 
with sometime* *nch a cntiCf-nt mti«h of the iron osiden in 
them locally thm the deposit- unj til to I*? worked hh >>n-« 
tif the metal. The *RH(l*trtJiivj a* (veil as -half- an- IVctpieittly 
micaceous. The shales intif-am ln-aiirifidh piviaTved ItMivm of 
seed-fern^ amt outline lacoout' plant* along their iiirmea ni lamina- 
tion. Some aoimnl retmtiivt am also olitainotl, im'iiuling jhu-L^ of 
(he skeletons nf vertebrate* similar to those twtHimiig in tlw 
I’nnriior l*xb- The moot important is mi amphibian— Hwhifop* 
This lahjnnthnflont. wan obtained from a qnaWy of fine red aaml 
stone which lie, at the bottom of the st-riea forming a group known 
us till? ManffH W) n**r the village of Mniigli. The Horn of tie 
L'fn’hmorlii series «aruiht* of seed-lem* .inti eqninci urn*, K'vaml 
sjiecieij or Yfrtcbmritt and Pfiiflloihfca lieing ioiiml with the I'-'rim 
Qb&opttnx, Oftngancpknt. uiui Peruptrrii ». Angioptf^'Uum, and 
Thi»nffMin. the species, T.kughw l»ing very elm mete ri^ic of the 
I'uehimrhi, This llurn resembles that of the DoJtiuda Miriwtln many 
of its form*, being for the m<wr pari the MWiWW«f the latter flora. 
Maleri series—The ifaferi lot thnm) titm * ooiutw generally 

conformably on the top of the lust Its development is restricted 
to the Satpure amt Godavari regions Lithologically it is ®nf 
posed of n tliiek sorics of el ay- with a few tads of saiuMcjnw. 
Animal rernmis- arc aluitulrtfit- i lie -hate- ore lull "I tJoprolit-lo 
remains of reptiles. 1'ceth fit the l)i|niuiil nsli * > similar 
to the mud-fish living in the frv*h waters of the pn-rnt day. and 
hones of Uihyriiithodonts like .Ifrf-e/Won*!near, Qwt/Iuuna&i «rtw, 
Vopitoin >unij nmi Mctapifi/i are met, with in tin- Alulori roiks of 
Sfttpufsi recognised there umli'r the name of JJemwt anti litif/oi 
bexU. Three reptiles, wUsntital in lliidr ssoologiwd relations with 
(hoseof the Tuns of Lumpy. arc ate* round in the u>~ k*; they are 
referred to the genera Hypt n*ia)n'iion (order /HyrWioft/jAu/fa), 
BeJadon, and Furrunithua (order OVtJCodiiiu). The Maleri horicOa 
iftrooogniB«1 bt the ft** Ms in smith Rewab, which vmiriun, besides 
the above-named reptiles, CnthtoMWin. Bvttrh^wrh^ and Sa*nt- 
podomarphn. The -Maleri group i* well represented in Urn < tedft» 
vtiri valley in the Hyderabad Hiatt- also, and if is from the dis¬ 
covery of reptilian remains at Mftlttti, a village near SifniH’ha, that 
the group has taken its name, ft here rests with an mteotironidky 
oil the underlying Manpii, or Ranrhct, hods and corea-re of bright 
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ml days with pnlr-rohmn’d Hmuktono tod*, *Tho shftlte*- orr full 
u f copmlitc rerun k n a a! rf fit il r* [ * *g«thrr Wit h I h r■ i r t ee 1 1k. v ft tisi*rru™ 
and limb-hon*?*. the abnve tlirtc fossil grnn-n hrcving mri 
with here also* Mi heir fusils from the frame loc ality in H u da 
specie of C irfttadw and reptiles of the gmem ifftwrodapedan 
mid Para$uthu4. While the iiillfiieU fc#sila clearly rjjdicflte a 
Tri&Mte age. rant* plant-remain* recorded by ftefetaamel* from 
KuogAou west of Mo left rtro efi.inirteri'ihr L'pper < lonehronn, fossils 
common in the Kota and Jabalpur alagei-, and would point 
definitely to fl Jurassic horizon, Thew •pwtk'ft are 
cuteAfHsttf and fihlecbdw jabalpummi#,* 

The Materi gniup is suoircedert by the K&tn Ita affinities, 

however* are with the Upper Uond warms, and it will im (bum bed 
in connection wit h them . The com bine*! grouj?# w-erff wmetipioa 
deBigmiEecI uk the /Toto-Jftffei'* ttoptiUnn fuG&Os have also 

been oollwfced from the Ti/i tafr of South Kowak representing 
approxininteh the Malm horizon of other {jondwiuui centred 
The Tiki sandstones and aha It* have yielded hoitip fragmentary 
boneri. among which are maxi Ike ami Yurtobiln? of i/jf/tf rodaptdpm H 
teeth and utlier relic* of Dinosaure. together with shells of the 
fresh-water ktmillibmndi Vnio. 

Hie Ptirmm xlfitft :; This numc is given hy Dr. Mutter lo a group 
of beds Id Smith RuivuIl. fttrul.igrnphhiiilTy denoting a horizon cor- 
res ponding roughly with the Uliaelic *1 age of the Triad These 
beds form the Mpiod Middle bomlivumL* nf Fcifttnuinti+L 'Hie 
iiHvc viol i Eh I a Hum of a tim^w hat uncertain a find tics 
containing dement* of both Lower and Up|H>r Oofidwann type 
which diU await n c-iitjcal pxiunlfliJtkm. Among the fossil# col¬ 
lected from the villager of Faiwrn and flvi nhnr in the domitiatit 
genus is ThinnfiMui ylhrntidivm)* This in rcipmHnOd by T 
(JX) hnijhtei and neveral apcctcs allied to tboati known ffruu other 
parts of ddndwajiaktid. wheru the introdur tion of tin- Thinh ftLditi 
element marks the bier (Parnxo-Trm^™) phases of the Qlt&mp- 
U ri> kora. From iuealitEoa further *emtlt a ih>ra apparently -sumo- 
what older, with Glo&svpUn* u& the ehief gftnua. him hi hen oolbctt<L 
It l* poa^ibk' that the latter is u Lypii:n] iJOwcr (irnktiwunn flnm. 
distinct from the northern *?t eharaiUerLoil hy Thinn/fldi/t* In 
that UH only the bi^b mund Pluwhat ah on hi bm inejtided in Uir 
MidiiJ«* GtuHlwanaa r 

1 Sf.- KflMlHajj.H ! r Ful. jndi i t /'wU Ifotn Mr *w.-* . I -J? ” K 

V«J. n, fit- P- 1ft: EMTIO XoL i pa <, Iin. JtEN JriK. 

■ SiiJlcej, I^uJ. /WtM, Vol \s. ( 1631 ), f^t. 120-1 iS. 


TtlE C E FE ft iJONDWASA SYSTEM IW 

TriassiC age of the Middle Goudwanas— From the foregoing 
account nf the Miihllc Ctondwana* It must have bttfll clvAf that 
they ngm- in their litliolugt with tint conttotnfol hKiies of the 
Triast-ic n hr X<-w Rod Saiiibtcuju) ijittm uf Euro]®* At the 

flflmr ii.. <4 ■tre«tHid form* • * 1 ' lift-- like Iho crmt.i, ■earis. li.-li 

iDTphlbis mid tejlUkt that an 1 |UttlU'itd in Owm, indicate tlnu 
rhey .m- in. utin binlqghiilly in* 'hey an- physically Lu tin English 
Trias. There are, however, Tie iiulientdon* in llmw fuck* of litti 
wonderful difforentjflAiim, uf reptilian life which liegun to the 
Trinasie u|Kkrh in Europe wild America, at>ii gave rise, in the 
succeeding Jurassic pcricHl, to the BuiatWUi highly specialised 
rnctTA of reptiles tlMl jiiLipteii lbwiiM‘lvi» to life in iho sea utk! 
in ttv air hh much a# on On* hind, ami potfermed in that geoiogicnl 
ago much the wnie office in Ike troonntny of niitun- fis is now 
performed by i hi- claae of Mammal*. 

3 , THE UPPER GOHDWANA SYSTEM 

Distribution- Upper Cloud wan* rocksart?developed in « number 

(p f di-iotit ... in the PcntoauLi. from the Kfjitifdml hill* m 

Bengal to the neighbourhood of IMw. The <tutwuj» of the 
Upper UomlwuiMw. ha developed to ihrir «verat ernm, m.. 
[fojmnbiil hill", Dull imin valley, the Sulpum hills, the Mahimiuii 
nnd riothivari Valleys, dutch mid along the eastern coast, me 
design lin'd by differentoaimw, becituBeofthodifficulty of precisely 
rorrrlJiring them 1 inelatcd outcrops with tm’h other. It i* pro- 
Imble that future wnrlt will reveal thru mutual relations with one 
another mure clearly, mid will render fJOBnibh their grouping 
im dw otic mmiDBi mwie. In dutch and »1*«w thr (Viremniulel 
rtUL9 ,, \*sh ln-Inuging to the upper horiwm of the iWwanas 
found to toret ratified with murine fossil ift-rons fwdimiaiLij. a m- 

eraw.SC of great Mp U> to 6xtog the time-limit of 

the Upper Com!warm*, and determining the liomytaiia of ihe 
system to the strnligT»phiv*U walo 

‘ Lithology— UtholoKi^dlv the Upper Gttodwana group u com- 
rn^ d ,.f the usual m«Adve sandstones ami 4wl<* dowdy re>ctn- 
bime those Of th« Middle Gotulwauas, but is dUtinguoshed from 
the kilter hv the pierotH® nf some coal seams and layers of lig 
nitim-ri vegetable r.mlfoi*. met -* nm*Hl«alilo develoji.mnt Hi, mi¬ 
nt..- rn reiin of its i.iltspup- while one outcrop "I tie l n" r 

tiondwttro, rft. Thai in the RaJutoM lulls, h quiLc distinct from 
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im 

the rust by reason of its being constituted principally of volcanic 
rockfl* Tliis volcanic A > mustfew ffompo^l of horizon tally 

E>edik j d baanltii ru n tun pom iifloualy cmptod^ which attain n grr nt 

ijucknPA^ 

Rjijm series—tipper Oondwfum rock* are found in .Bengal 

and Bihar at two localities* the Dtmodar valley and the tljvjma- 
IliiI bilEs. acmic Sfl mites N.F. of (hr fUnigmj cnnDfioki the hitter 
being she mow typical locality. The rpper Gundwnmx* in the 
Kajuudml bills rest tin conformably on the under lying Bftitklr 
titage. The lowest beds nbovn tho break iiru known under the 
name of file />u6mAamb/OJK* The Mnjmahal ^rira onofliffts of 
2000 feci of bedded basaite or dabiitee, with about tOO feet of 
nitcnit ratified wdiumtrnuy t>eds (iftkr-tmppwn ftfrfu) of dhqcoun 
and CAfbmiAdoOus clays and sandfitotte^ Atmcut the wholn mass 
of the Kajirmhal lulls ia made tip of the volcanic Hows, together 
with these inter-t-nipppim sedirarataiy beds. The duk have 
turned pcmelkiioid and lyitito~Hhe m ruwounb of the contact- 
effects of the bnaaita, The basalt in u :inrk-Ctdotired, porphyritio 
and amygdaJbidal rock, commonly tine gained in texture, When 
somewhat mure Ooartftty crystal! inn it resembles a doted te, The 
HiuygdidhiH are lit led with beautiful ehaloctionfc varieties of HittcA. 
tuilcitr, zeolite*, fir other rieeoiidurv rninernls, A radiating eohiili- 
nar‘drueturr due to f * prismatic " jointing is iinn I need in the flue- 
gruinod limps at many placm* tt is probable that these superficial 
bauJiH-flowa of the Rajoushal aerie.* are comiectcd internally with 
the dykes und 4Eb that have no copimiiidy permeated the RauiEonJ 
and idhof coahfk-i)d& of the TJamudii region. as their underground 
Coots Tl is la tt or a re be bw t ho h y ji u h vaaa] repj tison tat 1 vw of t he 
^ttbucrinJ Rajundml eruptions, Among these dyke**- mite-peri- 
dotitc-s lujtijirkipiivre, mjzmtte and kersantate tyju^ have been 
found. 

The iindcfeiitie imp uf Sylhert, in the Khaol hills of Aaaatfi t unoon- 
formnbly underlying the l T pp*r < Yetm-voii*, \* probably an east¬ 
ward con tmuaLion of the Rajniahul tmp + 

Eajm&lial flmm—The aillnjfied iduilr> of tlw Raftimlml bgda have 
yielded a very rich flora in which the fnwil Cynic In (Brnnotlitaks!) 
am the predciinitiant grrajiw Next hi order uf abundance am the 
Fern* and * unifer* The cyrad genera ■'■■mjiei bm muny type* of 
leaves [fjj ... Pi itnyh tjll « nm , Ptrf i tphyU n tn , Dirt if urn m i t+# w Otma m i/rf p 
Nik&onint alr>(« n few flrmrra ( WitlrrttnmwM} ami 

rtteme (tturi-Airtdjiih The idem known u> intlim hare 
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leavra of thn } Utlitphtjlivm type anil If if fin m&mitt Bourn; tlw 
coinircthu^ mF ihr. utkor I iuif genera are ^UU unknown Tim mart 
important Fem genem aw Afara/Zio^i*, OfeJop^h/uj, (?HnfD/jf(!r*i t 
(//r i>^r nil# y p Pmtjito n> mui nupfer** The 1 Vmifaal&ft include 

-s -vi- in] kind > of \ ■ ■gel -Li. i ve -1 iot -I ( Ek 1 U.tcbi* I i ■ = time h i/jj/i y f iw M. 

driaihwl and eottlcs {CV>m7#* r Ohlhzaimdmn. 
Ara Widrite*) ami wood {Awur*tntM*phttt}- Tito Ecjtiir+vialis are 
nsprr-Minted b y Eqttt&Hies and tin 1 Ly<»fH>f]£*ln» by fyfcaputlit*** 
Among tUb Jjjotrtiio an.- xom n gunom ( RtijmaAalia* Hotjmxyhn. 

PfiiloxytoH, ete,) of much pul.botanical intmv&t. //om^y/oN 

J# ft type of Ibeail wood whieh tifaidj n^mbles thfr 
wt knJ of some JiirtMo Cyeads hh w*dl a* that uf aoiiip primitive 

modern »iygirapP-nttH+ It therefore nupjiortti the wait-known 
rlK^irr of the Beuoe Ltilftiuan origin of nngicwpt»n»J!+ T!ie. Kftjm a 
Uni lUirj i w ju* till rocfcnlJv known ulnjKrtt cxdusi vdy fmin fmpvw 
Atoiid, Benml (umtamical studies have toa^bnUj advancoil 
uur knowledge of this clft^aioal Horn. 

Tlw Rajimihnl sUgo can fitly In- called alii of fossil cywvk* 
from t lm [mu luminance of Lb* fkmnetlihilm 'Hie Horn presents 
a fthftrp wntrairt with those of the Lower mid Middle tioruJwiiTiaF. 
It wohift ii dWanctly mow famil ia r aspect, she affinities of the 
^nuil. majority nf l hr utmura being known. "H"- Pieridij&perTn* fsoc! 
theUofdirfttilca Jmve dJsuppoaJ^ Tin* BquirculCK have dwindled 
into inaiffnificaJit*. Tho JVm* now churn an important pi net , 
mt \ niocit of them can be- Aligned to recent families The 
formerly ft ninall group, are now on the mcmis-e: in thecollnteral 
Kota ami Jabalpur stages of the Upper Uoiidwana they arc as 
ifnjtortftiif- an uhsmeni in the Horn as t he cvcrnlt, while in tho 
(lulling Umia stagy tbay actually do minute the flora 

Satpura and Madhya Pradesh 

Jabalpur stage -Upper Oondwaim rocka. of an altogether 
different ftbks of otirnposition fnim that at ItftjmaJinJ, nn» iie- 
vrkijM'cJ un a utv Irirgv scaLti in these iirea^- rhe tiasc 0f tl® Serif.s 
rwt* nnt-onrbrttiaWy on tbe us.ilorhbig Malm b ed* Inwlly km-wn 
uTich-r the uatd« ofi>- m*i and find Hnoc^ssjvdy rovers, 

by i.verluppmg. Jill the older members of the Slwldla and Lower 
Go&dWAuaa exp^l to tho nr ighbuiirlt-Knl The m<k^ hi dud* 
two stage*: thr lower CMtu0* aiul the op]iei Jnfcilpvr tfagt. 
Thr (Iiftitgiui Aijtgr cousiiitft of timoatonce, clays aTid aandattmfSf 
with bcrtddar coi#wncrnt» It attecerfed unrxmformabfy by 
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the tint ^tgc. named "fu-1 i ho town of .hil-nlpur. "fhe ^ 'ck t*m- 
ponnnU of the Jabalpur *tago are chiefly soft masaiFe eaudiitotiria 
niu ) whiiii or yellow sliutes, withnome lignite *od coal .«■ end 
in Lulditbrv n fb«r limestone bands. Thr Jabalpur b s»f 

ptttjirnhhikigifihl mtoteei- because of it-? haring yields I a rn‘h 
Juntsda flora, mthor distinct from that of the preceding iwnea and 
of *nm wlui! newer ago, ri:, lower tJolite, It differs from the 
JUjTiiiilmi flora unduly in it* euauirting ft greotor proportion of 
conifrra, oii.. EltUvchirlti* (several sp«ira). j RetinotponU*, iimchtj 
phptfam. DtJtmiophl/Uwm, Amuroritt*. and Stro- 

bifiUt, mill in the moult reduced ntirn her of cycxwls. 

At Jabalpur thisalug® is overlain by the hornet* group of Cre- 
tnmiiw strata, rein nr liable for their containing many fo&Hii remain* 
of denotejuirs 

Godavari Basin 

Kou stage—A narrow triangular patch of Upper fJondwmna 
roi’ks occur, in tin- Gtodarari valley smith of Chanda. The rocks 
are of the slim 1 type tu> those of tiers Satpuraa. with t he exception 
nf the lop member, which is highly ferrugiiiotis in its const nutioii- 
At jilww the oxide* of Iron are present to fttiuh mi extent astols* 
ofeujiitnmi' \ slur, itere also two dugc* are rt-OOgpiaed: the lower 

Kota ntatft, .. atOO.fwl in tldektiC'S. ami the upper Vltitfofa 

ftage, jilwut fcrnipnard of highly ferruginous «ftiidatoues. 

pnor-fpmiity d>ai]iM‘aniib and ronglonierutoa, Thxi holu stage is 
fossiliferoiifl, both plant arid iidmal remains Iming iutisont in its 
rocks in large ttumbere. The Km a Hinge, which overlies the Mated 
alage described oIkito, foraim-, of loosely caueolidak-d sandstone, 
with ft few “hide heflil nnel ivil >, some lire os tout*. From I he last 
beds nimiertajfl fnwfib (if reptilea, flub, and ertwtaoca liovo been 
obtained, t.j.. several aiwdra of l^pnfofxw, Tttmj/Mwh pii, Tktp* 
fh I1 1 Cf ruled rf-v 11 m I the rfjitil m Hypt radapt Aon , Path r rjon i* . 
Krltxtwi. Pw'Wirlt if*, JiW -jwady/jo.. etc. The pin tit a include the 
conifers Puli-ttya, Antitcarit'* arirl Chnnttpi*. anil numerous 
sptHiirrs of rycads belonging to CytadtU*. Piibj/ht/llum, Taxi&r, 
etc., rr»emhWg the Jabalpur forum. The Chtkkk Utage is un- 
fowfllferou*. being often etrotigly ferruginous {hiurmaUtio) and 
fdiiglunicrriiif. 

Gondwanas of the East Coast 

Thu Coastal system -Along the <brnmandd coast, Ijctwoeii 
ViMgapnUimiitiiLTanjore. there occur a ten wall isolated outcrop* 
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of th« Upper Gcmdw nrui^. ulojijt i» nurrovt strip of country botwwui 
the gnfijsai<! country mid the coax t-l ini;. Tin-to patches arc wtu- 
pen- ;! fur tlir nnn-f pint, of morinu deposit* formed not very lar 
from i hi- const. during tcin|xmuy tnuuigr&sriim* of ttu . -.i con¬ 
taining » mingling of marine, littOnU urgnahun* with > {•-*■ irflc* 
of the phuita atul nnlnial* ihio livrd nr«f tin-* -horn None the 
Peninsular urn inkier I there tm* consequently to be noun in th«o 
oil temp M,b fojwil pliifil* .>f (iojidwium faoiefr mul Hu- marine or 
rat.iiarim* tnnllu#n& im-huling nittmonite* iu gwilo^ml lioruimi 
iJip different Quilfcttu corresjHirH] k» nil ntogea Iron) Lho Rspnahal 
fo the uppermost singe (Urnm), 

ft aj ah roundly outcrop—The principal of llltsC «Ulomp* i& till? 
ni)D near tin* town of KapdinmJolty on the CcnUrrtri delta. It 
include* three divisions: 

Tri-fiettjf san r 1 sts>nr —ISO fcft. 

Itatjfimapumm nholt 1 **—ISO feet. 

fiahtiath xnrnlstotm — iOHJ feet. 

This xii<j<m)dnn of ImxIa rests untwinformably over strata of 
Hiinigiutj tiurimu, !*■ : u-<| ( '/untalfi'iJi. ,v< ad— -. Lit Iwloiiirally 
it W composed uf lit!oral wmdsttooMs, gravel mid conglomerate 
rock, with u few *!mle4*da, The latter contain nome tnarina 
InmoUihmuch n sped** of Trigmia, inoloiling T. tvnfrfcctt) 

iuiH a few specie* of .tnirntmitf'*, Interciilulrd with llieso arc 
some beds containing impression** of iho leave* of cycads atnl 

conifers. _ 

Ongole outcrop- - Another outcrop of the wmi- writ* ot wed- ts 
found nmr the town of Ongolf, on Hid smith of the Kirtna. U 
ftlsn emulate of three subdivision*. nil named after the localities: 
Pa talar bwis— red fciiidatone. 

YtmvTajrtm IhhIb'— dinlts, 

Budnmdrt lied*—yellow lunrMone. 

The Vediavatank *UuU* contain a twy rich nssmnhfnge of fiond- 
wnnii plants. related m their botanical ..illiintim to the Kotn and 
Jabalpur plant*- 

Madras group—A ihinl group uf &mtdl i^iMwium ur %m samr 
occurs dear ilwirAfti tk whiaU slajw aro tuflC^gniHfdH 
ITif- lower In cLh ffim i a sentiiiji ^hich i# known ah lb* Snpenmtur 
bnU, cotiHialtin; *.f whKWi afedp «i‘h «midy mioawwiHi beda wn- 
taming n fi‘W i^iilial^xHi mk'i UiutiUibumth rfialtain mi irnpojfr^-t 
tftato nf flit* fdftftfe Iu^Uk ublJiinwl from beila 
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dated jn the Ajui) «i horixon correspond in facie* to the K«l4 and 
Jabalpur flora. The Sriperntntur fieds arc overlain 1-V a eerie* 
. : . i^nwr dopmito, ^hisj?! ing of coarse OTOgltunerntwiintei-beddcd 
u itlt smi(l*tofli»iuid grits, u liinli contain hut feworganic icrium*. 
This upper division is known ns t lie Sattavadu bnis. Solitary out- 
cmijis >if thaw rucks containing fossil oycads and conifers extend 
lo Trieliluopoly, Ifndun and Ranmad At I tahir tins h pper 
(tondwiutna are fnuut] underlying the CbqumunlaJi murine beds. 

Cuttack— On« more nimitnr exposure. occurring far In the 
fiorth on the JLibanmli dullA, is seen JW Cuttack* It is eonipowd 
( } f grits, «#p datmu »aand conglomerates with white and red clays. 
The hiimislour »t rata of Lhi* group are distinguished «»the Athgnrh 
Miulrtw*. Then jMHwcsa excellent qualities as building stones, 
Mitil have ftintialiud largo ipiftiitities of budding material to uunier- 
]d and I maples. of which the temple of Jngan Xnth 

[hid is (.lie most famous. 

Age- — A middle Junifwk) ngc u ns ascribed to these coastal i iomi- 
hut l lie discovery of a suite uf bet ter preserved rnnniniutw 
front fJudttvado mid Tta ghav apiinnu prows a considerably newer 
Jtiiiriioifi for thesi ln-d*. Ltiurr Crt taoeous (Bairemiiin), The 
amratmftei urn JfoUxxliMriit, Lytva nt#, (tymnofriites ntui Hftni- 
hapUtr#. 

The fr lent ifirai ion of angjewpcrrnoua fumdl wood Itvmtunjfon, « 
atagnoliacnaM* dicotyledon and the flower of Witliattwohia wwanti 
from the Raj iimbul series (the Hum of which in eeaentially i tier ideal 
with ihni uf the coastal ilondwamu) by S’nhiu lend* support. to 
lie infer unte lIlhI both Uh l Aflri ** m probably of NcocOioinn or 
still Inter Agv. 

Ceylon Gondwanas The cmirm 1 ^iiudstahes. grits uinl mkoHe, 
L'diitninitig cycmln, fnnts ailtl ptcridnsperins, which arc found in 
two amntt isolated lurntnn in Ceylon, faulted into the Arc Inmans — 
thr Tfihtmmi nttd A)>di>)<tm<t beds— lu lling probably to the Madras 
gmup of 1'p(x-r (1 undwarms, 1 1 is probable thal ionic nlore ucour- 

renew of them picks Further north In the Island me concealed 
under I he nJluviiun ami the Mitaimn linn-stones (Jnffwt tail). 

Gondwanas of the West Coast; Groin Series 

Upper Gondwanu of Cutcb -The highest lulls of Hip Upper 
iiiiiidwuniiH an* finttid in Cutub, at a village named l"rum. They 
r, t mi the tup of * duck serji'w "f mnritw- .Furaaaic beds (!'■ be 
deecriliml with the ifunmsic rock-H nf t’uti-fi in a l*U-r rhajitcr}. 
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The ('mil 4fn>J l fu thv whole Formation i* calJwj p k ft very thick 
furies* t*f urnrifu coJigjqnnuratw, saiubtoiirsi tuid flknle^ in all about 
3(KKl feel in thickm’ft-v Tin- sjjrrinl intered. of tjiki gru<i|p Ifofi in 
the fiidt that with the UppruoH bed* of this vine*, eonrainitig the 
rr"lL-*"^ of various i^phftlop njf» -md hi i rid Libra ru lm, there occur inl^r* 
*t rut Mud ft number of beds ooutnMrtg plant* of Upper (tonrfiwia 
Fhci^, pointing innuifltnknbty t<i tin 1 prevalence of Ucimlwan* 
condition hi ill t he pf*rjud of fk|KP:HEtbii of thi* * 4 ritv» of strata- Tin? 
iiNtrint' fo*sih (tit- of iip|Krmf^t Ji iiiwhso to Icivur CrcHwieoiit 
affinities and hrnwb wnf* to define the upward stratigraphic limit 

of the gimi Gondwana ^vdem of India within very precise 
hounds Tin" Umift (itaut-remains are thought in the newest 
foastil Hum of t he Unmlwnrirt fiyrrttrm* TbtJ following i* the hat of 
(Jin Important form*; 

(CVii iiters) EI*ttixhuliui , It*,ii /ioir/u//>A_Vl 7 iiwi, /ic 
juftyf/« vj . A tmicurit r . 

,jCyoads) PtHoph^htm. If ///fVi msonm, Tutitiopfmn «- 

r Foma) Ulodiffj>4fe& «. 

ixmre of the splits of these genera ure ulltcd to the Jabalpur 
h perns other* are diatfriufly newir, nsrim highly evolved type*. 

The Umiit beds have idso yielded the remain* of a reptile. 11 
ttpecics belonging to the fuincMis Ion ^necked PU^PArvium^ of thv 
European Jitmsais It is named P inditn 

hi Northern Kathiawar there k a large patch of Jurawfc roeks 
occupying fcho region near IJhrangadhm and Wadbwm, consisting 
*/ 4Ih?ei 1 Join i feet of horizon tally lieiiilc-d fcfuidtfttfiUK). The luwer 
\mit, tonlmning some hi ho mi ccous beds and ftmilfinonu states 
fun, ft^iJn of Jobidpur affinity while th* upper part correspond* 
Ut i he IJmm group of Cutch m geological horizon. U has yielded 
oonifeTi mid eyctuh resembling the Omla ptanto. 

Economics — The Upper Gmidwana roek* induds several coal- 
sebmsii hut they an? not irnrleatile. Spphuj «f the fine grained sand- 

stones, &g> t tlu^e «>f Cuttack. AfJtgurh. Tkii|.itU mxd Aiunednagar, 
are much for bntklitig \W pews, whilr the eUy« ohtainml 
from looalitifso are for a variety of ceramic mum- 

faettircs. The ^yil yielded by the withering uf the Upper 
Gofnlwftofts hh of nearly nil Hondwiuw mekp, k a sandy s hid low 
6 oiI of jm h~i[~ ■juality hif m^ra^iihural ii«<^ Hrins? outcrops u( the 
tSondwana mvks are nuirke-t p ru mlly by Lurrcn IoimLji u^ or 

rfse th?5 ure toveo^i «-tli a thin jungle Tin- tow itewtnni' IhnIs 
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BW of value for limo-burning, wliifp the- rtnhfy luuuiwtitte <>r limo- 
nitio ^IkiIih of 8onx- (iliiwr- nrv ijunrrwd f«r -iiu'lling " r 

use .ih ochre*. Tlir oooiwr (frits ivnd ^ndatonrj- are nil for 
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IJij comBisncement of the Aiytu sn—In the lost two [ liu|)t<rs " 
Jiftvt followed the geological binary of the Fcninsnlji tip t« the 
iwfl of the Juru*i« perlal. Now lot u* turn fcoek in the other 
province of the Indian region win-re « dUfert-nt order nf geological 
event* wan in progress during thi* long cycle of 

Ah referred to Ix-fr ifc. i he em following the Middle tnrbonJff*'C-“ M 
«-ft» no era nf great earth-movement* in the ostra-Feninwaw 
psrtK nf IiifIiii, b.v which wdhnenUtlon was Interrupted in the 
various *n»*> rtf deposition, the distribution of land and nee i™- 
rtttdiUiil^l, and ntmwnuM other duuiRe* nf physical geography 
profoundly altered the fnor* nf the continent- Asa eon sequence fJ - 
these- physical revolution. then- is. almost everywhere in India, 
ir ven marked break in tin- continuity of deposits, n pnsMHWfd by 
no unconformity at the luuw nf Urn Pnrmo-Carhf miferoun sitwlem 
of strain. Before ■rrHoirtiHitWl wftfl resumed, these earth- 
movements am) crustal readjustment* had resulted in the easterly 
extension over the whole of Northern Indio, fds:t. siiul (. liina ot 
tbe great Mcdltemtneai) smofBurope, which in fact at tine epoch 
girdles! ijimiat the whole -Mirth ft* a true mtdiftmman sen, 
separating the gn.vit Uniwtwana omtineut of tin- south from ”«■ 
Eurasian eontfaent of the northern hemisphere. Tito southern 
shores nf thisgrear - s which ban played stub an important P art 
in the Mewwoic geology of the whole Indian region—the Tet.hy*- 
coincided with what i» now tbr central chain nf huuw peaks nl tlu- 
JEnwlavas, beyond which it did not transgress to any extent ; but, 
to the t-ftrt and west of the HtmaJayau chain. buys of the ** 
spread over areas nf Upper Burma and Biiloohistun, a great 
Tum-t* to rhe iHHith of this Him. while an anu nf liic aim* sea ex 
tended towonb the ftilt-JUnp ami -^upieil dial - regmn. *•» 
hot slight interruptioiut. uJim-d. Up to the end of the K-x rnfc |« no' 

It is in t he /one of deep-water depoalt* thut began to lx? forme* 

s«J 
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on the floor of this ecu trial hen n I tlm* sjme thnt the a ini tenuis for 
the geological history of tho#t' regions on? preserved for the long 
of ngrs, from the beginning of the iVmiiuji hi the 
noddle of tho Eocene constituting must of the great Aryan era of 
Indian gi.*oh>gY_ 

Thf nature nj ^FWtiana of tho noH-tkKir subsiding in tho 

form of long narrow tmngh- i^rrieurriTjtly with the depnflirion *>f sedi- 
cnttnid, and fhuji j.N'rTHii ting uu imm-use thidiiifvc* of dwp-'water 
dtpwtji to I** bid down ovnr them without my inlermiadnm jww called 
It k the belief uf some gL-*jJugkta that Uie slow fMiLtimml 
iuhmnrgfflWe of tin? Ocean bottom, which renders possible the deposi¬ 
tion of enormously thick srdimenhi in the tract*, arise* 

in the ftt*t mstmct?, from a dk?urtnoice of the iMwfriffc conditions of 
thnt part uf the mint. further ageist uated and tMihcLUi.t-d h y the bon* 
AliinlJy in it* wing load of *»nlimrida over lopjilimd trails The nd- 
jji> ■* 1 11 1 «n on the utlM hand, which yield tlv^e -^dimLUiU, have n 
taiidrucy ribi: above- tiicir fbrmmt Jevid, by rmmu of the amfitmiL 
uidwimg of tlji ir surface due- lu the continued e*|Kwurr to the dn* 
Tim I nig agencur*. They thus nun run Hie feed lug-go mink for I hr 
^ndinifriTotirin-hiynrjp This nfau- of Things will rontinur- tiii H>f> itfn- 
atatie equilibrium of the region hm been miHwod hya sulErient n mount 
uf deposition hi one arm and dm mini km hi the otJusr* At the end of 
thi# cycle uf proct^ri, iftrr prolonged Intervals of time, i reverse 
kind of miyrennuiL will follow in thk fk-xlhlo and L-^ompimtlvidy weak 
Kino of the crust* rendered more pEostiri by the rise of the kogocithernu, 
compressing nod elevating these vast pile* ofwdimin its into n mountain, 
chain on the die of [he former gefwyn^lino. 

r^jrtynellniNf are thm long Marrow portion* <if ihr north fc « fJtiler rtJirll 
which nr«' relatively tin' weaker part a uf the cvtrthV dreutnferenoe, and 
Lire liit b]i Eo perils he alien tote inurements uf depu^iori ami eliiViitioii. 

It is nodi imvrn of I he feuth wfilrll give hw? U) tin* nimmlnin-ehiiiriH 
when they arc, by any reason, Aiihjixrtod to great Siitcnil <w tongenikl 
compn^joTr. Such n odmpn'^ion fKionre, for instant, wfirn two latgr. 
ftdjtfn'fji blocks of the earths rru-«'t—horni?!— ure linking tommU the 
earth e centre during the w^'uhir o r udTiw i tl4'jrl <if mir pUiii*4, COft^qtuml 
yjwn it* forilintuil la* of inlcniwl heat The betiriug of iheao 
BcpUon^ on the efovaMon of the Hsmalayjis siihseqtient to the great 
cycle of Frrm^Bowiu on the northern Iwrdor of India, in 

plaiiAiblc rtiough. The Ifmmlnynn /.one w t awcndilig tr* Dili viow^ a 
gcnprnclinal tract frqnecKml htwren the two Iatre cofilimmtal iUm« 
of KuftiHm mnl fAmd wan aland. Hi in atlbjcel iw, hnwcrer k rtms of tile 

Tin^ ttlisl jm-hNiiA H if iniMlenl gr-ifiLgy, and one wldrh w yet *uA;«oTi^. 
and k, tlien-f^te, Uyurttd riji fc of thk Lk«> k 

The re l on 3s of the Hinmlnymi wlikli wo lmv« now to study 
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mi altogether different geological hirtniy from whul we 
have (cfionii of tiro Uondwatt* sctpiom^, It in m ^8fmlultjr « 
history uf t ho oceanic arm of Llso earth find of the evolution of the 
marine forms i.f life, ns the Utter k n history of the continental 
area of the earth mid of the land fdmtfl and aiiitmds that inhabited 
it Thi* difference emphasises the dfctanninn tie tween tho stable 
mass of the Foniti&iila and the flexible, ratat.frutv much weaker 
extra-Pniiiiiflulrtr area subject to tbs- periodic movements of the 
crust. In contra^ to the L p piiinBiirflr horet, tie latter b oxTbd the 
gooeyaolnull area. 

The Upper Carhoniferoxis and Permian—The Upper Carbon]- 
fenisLi and Permian sywtome art found perfectly developed in two 
loraJitci ri of cxtm-Peiiinaulftr India, one hi the wealeni fioert -if the 
Salt'Range and the L*tli!+r in Kashmir and the u<u them rangr* nf 
the Himalayas. 

I, UPPER CARBGNIFEItOUS AND PERMIAN OF THE 
SALT-RANGE 

/Viler the Cambrian tfftlt [iseudomorph shales the next known 
scries uf deposits that wjia hid down in The Salt Range area 
belongs to these svatems- Some! hue after t he l hinhiran i he Salt - 
Bafigc. like the Fctunjula* beoumc a bbe Inspi area exposed to 
JemuiMkuml (igcnoieH lint., unlike I he Peninsula, ii was bruncht 
again witlun the am* of aed in irritation by the. late Carboniferous 
in Lire merit#. Frum I ibn fierind to the close of the Jvwone, n 
bum eh of tile great central wa to the north spread over thin 
rtjgicm and hud down the itopnait* of tin. 1 ^ucc^x^Itng grolopcal 
period* P with a few slight interruptions. These deposits are ru©- 
tined to the western part of the Range, beyond longitude) 72 D E. a 
whore they are exposed in a series of mure or less parallel nnd con¬ 
tinuous outcrop* running along the strike uf the range, In the 
cEKidfu part uf these mountains, Pitmio*Carbu«u&roufi rocks. arc 
liut mrt with at tall, die Cambrian group bet tig rltert abruptly 
tcmdEialcd by a fault "f great throw, which. li &* i liras( (he Num 
miditJc Umr*tiine Kni-vne age in contact with the (.'tijubdan- 
The Periiiii-i < iii , hoiiifcrr*n^ rocks of the western Salt-Range era 
a thick eerii^ of highly ftfc*£liferouii strata A tfflD*fuld divinion 
i* discernible in them : a Tower one compiled of =uuniston<!s T and 
an upper one mainly of Limestones, clmraetcrimed by ail abundance 
uf flii? hradiiojKtd Produrtu*, and h noee known as the ffyetfufltaa 
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Boulder-bed^- Thu bsuttmeiil tied of tbw Mife 3* rt lioddcr 
eonglnnu-rafe nr undoubted glacial origin, which from its wW» 
fleographM ucotnrcncp in strata of the au-ino horizon, m « uch 
widely ■wiMtnfed pari* of India a* Hazara, Simla, tbe Salt-IiHUgc, 
kaj|iutiiruL. iiiliar. Orissa and other localities wherever th? lamer 
(jondfcatm rock* have lmen found, h ns Imkw made the basin <W *» 
infer?!! ci' of a tlhwial Age at the oonimeuccniem of the l PP« 
CarWiifenui* period throughout India Tim evident-? for 'hia 
It-? Age in India lira in the existence of t he chnnrti -iWu- marks of 
gluciiii action in all thus? areas. i«„ Iwde of compacted " boutdar- 
ckv "' or gin rial drill, resting upon an under surface which w* 
oftfiii tharply defined by being planed and striated by the glacier*. 








CAABONTFZRUVS AND rmatWf RYSTiLMS 2W 

The lUmt Rtrikinjj idannioler of a bnuhltT'eEav i& jt« hrtrriigeneiEy* 
hath in il* fiamfHtnmit material*, which have liven f.nunjMirted from 
mittfoea, hjiiJ in 9 he- absence of any assortment ami *trnli- 
(sea tom of these materials Many of t hit ImuEdm- in the bon)iier- 
liocJ of ihe Salt Range fit rift led and [Hilitdird black* id Mii; 
Mnhmi rhyolite*. fr-l-iti-i kjtrt ^mriile* of YiiulhvaJi ago—nil im¬ 
portant fnrui.it in in * if Raj| hiU i hr. Thew* ate jiikTinix^l with 
if m idler pebble* from varitnH other crystalline rocke of tha matne 
aroi, and embedded in a fine deme mat rise of clay* Brides atria- 
tksm anil jNiIiHhing. a curtain percentage of the pebbles mid 
boufchu# mhowTi djxtinnf M fasting " The Amvftlli region must 
have been the home of djuiw^irild" nmirfcJuog powerful glacier* at 
ihi-H time, ns the site of Mir bouldc-nd at* web an this dwtanep* to 
which Miey have I hh-ii transported fmoi Mieir source dcarij lestify 
Ui tb* magrutinb of the glnrij-rs radiating; From it- 

BuuUlpr-hcdj Hiidikr to that of ihe Salt-Hangup anil abn like* 
it oampuretl nf iH--bonnr bmlidrr* of Malniii rhyolites mid Other 
erynlalJitu ruck* an- found in Raj pi ilium in Murwar (Jodhpur 
State) and lire known tw the Bnji and Pokimm hed* h from 
of throe name*. At the latter place there occur typical mh** 
mauUmn/r*, The Takhir Ibruilclrr-ln^rl is homnumal with the 
glacial n^weiatod with the Eiirtplrtmti Inh of mnth-twit 

Aiutrr/bb. 

TheSpockli5dsmwlatoac&—Jlir boulder-bed fooviriain hy a group 
of olive shnh^ and Mfidstooro forming the lower part of the 
Speckled Afihtltftonc scries* and designated a* the Gofiularu* \mk* l 
becuitae nf their containing the fWil Conahmu enclosed in ihI- 
earoou* concretions, The gen lie Cimntarift i» of doubtful system- 
at ir posit inn and, liki- U f t rffefr wl U) Me: EtflJUpoda, or 

at times to some other sub-order of the Qwtmpwbk or ewi to 
Atonic primitive order of the tVfihilujKKtii Associated fufttil* are 
I* Ic u rcAamu rui s &urifdt<rma A HffCtfAtfh Jfntuhi, PSGvdafNMttfiAi 
Vhajietes, Avkulapwten, etc* These ft ms ik) are ofmtctwt because 
of their close sjrrtdnxHy to the fauna of thu Remind ^boniFcr-mi* 
of Au^tmjja, which nbcp containd. mtcrcdattni nl It* btue r ft glacial 
formation in every respect identical wiUi that of the Taidiir writs 
“fho tVmularui Sxxfd are imOCvedcd hy -■■■rit-- of uwrttkd nr 
speckled ml ^nrjeton^. from 3W to 500- feet in Uiiekrteaii, inter - 
Iseddefl with red siinlrt>. The Vrhdo group i- eiirrent-betUkd, mul 
gfvec <mde^ee uf dcpofilkkm in shallow water. From the mottled 
or specklenf Fippcurfmce nf the samblmif\ due ton van aide disliri- 
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button or the w t..urinB of fern, the grunp i« designated 

*** * —^ --jr 

by 11m 1'ro.lm fuH «W of the «H*t «#■»*■»* formations 

orindift. and nrm which tout received a f»oat den **# attention Imm 
Indian jRKkloBtate. t"'«ig thu fin.1 fo^Uiicrou* roat-*yatem to ln di»- 
covered it, Indto. It is fully develop in Hi* ecntral -ml western 
part of rhc range, but Ihtos out at it- astern cuf,- About , m 

feet of timesUmcs ttcpaad in a «*iw ° r ! 

Nilftwan vsllev. and them* tfMiilthe wastwanii a1u»(£ the .m\1- 
Httucc right up to the induH gorge. lu-yond which ill© group iim* 
appears gradually, Tim to»f xtmi i he imM aceewbto outewp^s of 
the rocks um in the Wnrcha valley 1 and Chideru hills m the 
neighbour!] ood of ilium Khfl, ff»l of dm Son Srik^ar pJ&teflii. 
The greater part of the Products Minium- fe a oompMUmnon M 
ruacneeian limestone sometime* pMttDff into pure crystalline dolo¬ 
mite, associated with beds „f marl mid MifidsUme* It- conttur^ 
a rich and \ uried s-wmhlage of fwail braehiopods, corals, cnnoid*. 
uastropodp, lamrliihmrmh,, ccptodujxxi#, fiisullriW nid pl*W*, 
euDatitatuig the rirtowi Upper .hdnwwow fitvron anywhere dis¬ 
covered in Indie, to which the faunas nf the other tomiotexiaJ 
deposits are referred. An added itiUffltet if the commingling o 
\ M wi}i Goodwam Qlotaopkrit flora with t;be lower sUgo of the 
Productua limestone, crowded with <i rich btldfejiod fauna. am 
also Almost immediately above the i olrliir boulder-bod, I he 
abomUncc and variety of the Murlu," feunif h/w thus led to 
the mint- PitJtjabiufi heinc given to tin- -eric- 1 of .Middle LYmiimi 
strata coming t.iui ween the Artinikkn and Th«ri*0M. Tlw 6tiLt " > 
name of Punjabion has also been u.-4-d in the [amt to include t he 
strata from the boulder-bed to the tup of the Specified wmiktono 
i (.Indian to Artjnskfett). On a paliuxmlol.jgkud the Pro- 

duct ijn limestone is divided into thtee seution*: the I/jwer, ilidiUe 
and Upper. 

With The lower hods of tho Lowrr Ptuduttlii limestone ilicre 
comes a sudden change in tho character of the "cdinuuHs. aucoiB* 
j m i tie 1 1 by a niom striking change in the fACies of the fauna, almost 
nil the species of (tie Speckled sandst-mo group disappcAriug from 
I lie overlying group. Tin, lower feet carry BUWl j bada of 
Fusulina limeNtone with Pntofttxnlina. I r i* oiiupiwtl of s °ff 
calcatiMiui sail rig tones, full of fossils , with coal-partings at the 
* Hmi th. rtJSJ. val. l*fc !"t. *, t*te. 
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two, Prarfurtfltt from, P. vWfisifctf/rttM* and A ipim/V* nn? the 
character! a tic tfpcckai of thin divhinn, Y.^oeiatcd with thfi$e, in 
tltur eonj porting. are the genera and 

of Dammla u^ioitiiHi hi ideating the vidnifcy nf the DOW* of the 
Gondwifiui uiinnliTud. Two stage* are preseiu ; die lower, more 
31 returnee ll* stage i* well avhh at Arnh village* mfed Is known am 
the Amti beds, oml tlm upper cAlcaremi* ^fagi 1 is known am the 
Katfo beds. 

The Middle i.H i he thickest and moat dlarnctemtic part or tf»P 
PfruluckUr* liiwr-4 i me, con bating of from - P 0U to 30D feet nf blue 
or grey lituratoue, which fumn tin? high turcipitoup etfoarpioent^ 
of the mountains umt Mai* Khd Dolomite layer#, which are 
Frequent, itre white nr cream ^coloured, and from the greater 
! cm hinny nf doli .unite t-o occur In crystal line form they are muull 
Ii-^k iWsiJifemim nwtiig u* the obliteration of the fmsdla attending 
the revxYsUdli^dinn process. Slarly lied* are common, and, are 
the liesl repertories of foreiK yielding thorn readily H* the hammer. 
The limestone* are equally fctfflililVraii^ but the fu-^iLa are very 
difficult to vximtit, bring visible only in the weathered uutaraps in 
thf- tiurfaw*. Many nf the fb^ils are hi] initial, ^[leciaLly the 
coral#, Thnre in alto an Intercalation of ptoriL-k-aring Lower 
fiondwiiri-j rilmlfs cmd winds to-nee* P. IfomtH# la a common 
hmchinfMid apeefcd itt the Mir Idle Product u* f Flint aiul chert 
Odficretiotttf ere abondtutily distributed in the limcwtoiirtn This 
division also mtrlutlcH two stager. Virgat ami Knlubjigh* the Inttcf 
tTmtaining the immunuhlff Xtm Mpi* itrnj /Wrt&viiw 
The Upper Product us group is much h^ thick, JmrdJy reaching 
|ijh> £00 feet at platan The group b is i ore jmnitcron^ hoteg 
wmporwsJ of ^Ambitutre* with n&rBdimciMiii* shnb*> with HObordm* 
Ate hands nf limestone and dpimnife Silica Ik the chief petrifying 
agent here also. P. iWmri* h n wimmou n|'x-ri«. Fossil* are 
mi memos, hut they rev**%| a striking ch lingo in the fauna, which 
separator-) this grmip from the preceding group, The moat w*U x - 
wortliy feature of this change w the advent of cephalopoda nf kite 
nrcjer represented by a Utiinljor nf ita primitive 

genr-rsu The topitiOpt stage of the 0p|W Froduotus form* a 
separate -itage hy itself, known m the f r A irimi A if:/*- They show 
n markei I pu fur* mTu logical departure- fnim the luidi^fying unn* in 
the greatly dirumbhid number nf hrwijbbpfxb and tlm inereasn 
o( liiiuGl]ihmiiirh^ and uepholopothli 'tliei" are Lliua to Iwi regarded^ 
from these peeulirinues, m Wtfnrtnf rniuaition, ^ir jpikssflge IjccIa , 
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kHrt-ween tbi* Penman mid t ht- Triawwi r fhe C'hkUirii L^ rt jm?M 
eunfuniinbly find without any notable dmuge into* it *m«s of 
Crtu lU&A -bean i ^ bedft of LowtT Trinssk ago. 

Products fauna—-Tint foilwinn m 1 fir^ of tlw nk>re ulnir- 
ii-rtv rlistlct foftril gonerti many of whinh an* nspre#enlod by nmufiroiitt 
spocifs. of tli* three* divisions nf tin- ProrinetUH lintitftutw; 

Upper Products: fAtnfrtnitifcrt) _Y* C#QkdohH& f Mtdli* 

ftftf/ri, ,4r^« P Twmwtniai (Bra- 

riiinjmcLO Prattvfiu$ t OMhttwiw, D&bip i, Jf«r- 

j i'ttI ff. A uhtetepiu ; (tiairtl r0p«b) roph^m t Evphenols, 

fr^c.; ^LaimsUlhratichs) ^rAisodiw, Livm, fitrt illm ; (Fnlyznn) 
tfnfoJjj, flyaoj'Wijj. He, 

Middle Prodnctiifi: i IWhiopnilH) /W*rrtar» Spirifer, Spin* 
frnnti, Ukpri^ AyWW/, ftkhthnfrnm, Rrfitu 

teritf, Mnryin^m, NokrihjprtA, (LnmdlL- 

branohs) Orjfirtnui, F^itfomfrudini (PdywaJ Ftn^Ua, 
Thawfimft* t AfanihfKhtdut; (Worm) £j?trcr&£i; (Coca!*) 
/jsm«fflfcia, 8ten&pom\ (Gastropod) dfamp- 
chetlus: fCopli niopoctH j Xrmiitpi&t Nn ntilujr, OrtftGCtrti^ 

Low^r Produces: {Br«tbnipc#tb) Product m (F . F- M tiri- 

rrtktobtfu*, Fr jpfrn/uh Spiri/rr* Spirifenna, Athyri $ njyWi* 
OrtbiAf. ftVJiiTwJffM.1 ffirhlhofvjiin t Martinia , /JiVAtarntf. iVinejito^ 
rAyn^Aitf P ^rop&aiA'rirr ; (PoraraijiLfopi) Ftftftditoa* iPrrm/iwl- 

[Tin- following fowiiiti may Ikj ^n^ifletwl rhflracteriitlu *jf Ihu Sadi- 
l£jmgo Prodacrttu liuicsiouti: 

CJas x rapods; Kmm pfcalw. Moon »-?** dn t, .Vuriropi^ f PAo*4p fldfit, 
WriirotoffiffriVT. Mwn rAc^-ron* BtRrr&jdKm [Ru&min, SUwhvlkv 
Enphrmit t^ .irnl sesrinl tuhrr gorirra of the family u 

itffjfr )„ Hyiditht* ttnd Enkitu 

LAmeiUbran]du: Cmtiion&rpba, Lvt\m t Cawdinia, SrJ\izadn^ f >fn’ 
cubyptt'lf'u, Prttn* {two KJhKjkfl| 

EracMopods; Hir^ nr* tJn: nhimrlam, IkitIi a a fegardi ipodfl? 

and Jiidh idtiuR ie repreecnt^l by ton «pmJ«» T Sola- 

ihtfri* b'lizl il mpoeic-ft}, LijUutmi Cam&rt?p}uiriti 

(fivr Hfiadoah Spingrrilta fh-n ftp^rir.nh AtkffriA (ten apedesh 
Sfririfrr (felgbt Hpwim), J/ a*fw n^i ' , Stt 0 ph*it*t'nf 1 r Strrjdfr 
rAyftMw.\ iMrhjfH (eight C&nn*U* ffowtwm 

j-fjc -iir*), StfYsjJifikLtuj , Pttrfurtu* ffliWn ej^ckwl 

Polysoa: PulifftOT n, GmtiucJodia, 

Ciinoidsi: Pofcrio&ifim, Fhifaerin*r t Otjtuhmnn^, tie. 
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CoraisJ Puchyt^m, .tfWlr/mw, ,t mptmu, </Y t ..,.W, tfiam. 

Ouioid. and oLhtr i^lies H pUnt^, ulr | 

Th(- Product™ fauna ah ow$ several interesting peculiarities, 
W ftiJe the fauna an a whole is decided! v Permian, the prince in 
it of several gtmora of true -■Iwiittmfjw ami .,f a Imrlltltnneh like 
OzyUrma and n Xanlitttx tqiet-u*. which in ether j*nr:.- of the world 
are not met with in reeks older than the Trjw, giv« It, it a ^tnr. 
wimr tinner impact. Tilt* most noteworthy peculiarity, however. 
If Ihe association oftntdi eminently Palaeozoic- forms a* Pmdwtus, 
Spin for, Athyri*, iSttlcruphim, etc. with orpin* In jkmU of tlit order 
AmmwMtt I. All forms which can he rqpmled as tmtmitionnl 
between tin* gonittl.tteH nnd the Tria-wie oemtite* air found, in' 
eluding true ammonites like CprMcha^ J MlioMin, Popanactra*, 
nod, .fr mi, A rotates. M«. Some of these |h>!m«w a Hmp],- pattern 
nt st.iuTf.t resembling thtwo nf the Uuniutih* 1 sharply folded) or 
idmpto *ig zng .V-.v,. mid * 2 rfdfal while or I* r . ,}„>„■ an 
ad run a* in the <x»mpfc*itv of the aumti/? approaching tJiu^ nf 
mrmp. Mrsirorie gfinrra 

The Anthracolithic Systems of India—The lower pan. nf I he Snlt- 
liiuigo Producttin limestone group is, from fbestl evidence, the 
Immaterial equivalent of Ibo lh-miod Wlwmiferutu of Kashmir, 
Sipit I and the Northern Hhualoya* generally. The term “ftnthncn- 
lit hie is used bv stune authors u eonveuiem term to rs press Ihe 
cloudy connected I’ittfcoiilferoils and Permian syntenta «if rucka 
and tonsil* in those amu. e.y„ the Shun States nf Burma, which 
Ktbibit an intimate stratigraphic as well ha palttooatelogica] con¬ 
nection with One another, end w here ir te difHeult tn flfpsrute the 
{ iirfjorufortuitt from tbf* X'&rmJnn, 

n, the upper carboniferous AND PERMIAN systems 

OF THE HIMALAYAS 

The Himalayan representatives of t he Product its limwteno *n- 
devobped in the northern or Til* 1 tan zone of the Himalaya* along 
thuir whule length from Kashmir to Kuinoot* amt beyond to the 
Everest region, They arc displayed typically at two local!tie*, 
Spill and Kashmir, wbow they liave been studied in great detail 
b v the titfoh>giraJ SliTVm of Irulin. 

Spfti 

fn Chapter VlIT Lavi* iulhiimL tlie P&J&Ft&cii! Wf(|Uence of 
l - w ***** wf 1 to Mu> Ftni'dfdla nhaif^ of Tin• P u writ*. Hating on 
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dw uf dtp R'lH'NhJlii in ftwlioli* tn»t urnlbnr 

jtlncea lying «H*r 1#*!* iif varying Jiumutts fmm tiic SilwlMW to 
the i Wboolftrouiw k JL cn[1_ 
glomerate layer of variable 
t hieknu^, belonging in «g* L to 
(he Upper Ditbiiiiifettui* |j r 
1 ‘iirinian. llm corrgtutfit rai*+, 
it.s h tfcH been stated isHfure, bi 
An inijKirtnnt dfl/j/m-ihiiii in 
lorita r for it is toade fcJlG l«uu» 

<>f the div wnn of the lu&aili- 
ferrous rotik^y^txima uf India 

itit-nh two major divisoti*! tint 
DnunJiiiii. and Aryan, The 
Aryan era, thereforr, Opm* 
rntmeos i 1 i the Hirpalsiy*w wi ilt 
a basement conglomerate* 
it ooitfffiKirad in the 8&lt t 
K an go find in the Ptoiilimi* 
with the glacial boulder-beck 
The Prodnetus shales — 

The ewi glomerate is succeed - 
«d by a group of calearooit# 
ftivndatonest, containing fossil 
braotthpoilft of the genera 
tipirifvr* Ptodmtu# t tipiriftr 
ina H Dido*ni& «nd 3tr$pt&* 
rh&nchm, repTosmting the 
[ajtvcr PTmimitiw borison of 
i he E^alt-lUnge These are 
overlain by a thin group of 
dark carhoiuiccnus ahnl» p 
thr- ch ametoristi c Permi an 
formation of the Hintolivy<*a T 
km j wn ah the Ftodnctue 
Abide*, <wrre«pojidmg to the 
Upper froduottui horizon, 

(See F%s, 14 jukI 22*) The 
Product ua ah ales are a group 
of black, siliceous, inic*©flon* 
and friable $ Italic They 
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Jiri> Miily UMJ to 2<Hi fbet m thlobieftH, Hut uro d^tin^uuljiil fry 
remarks hie con^itioy in their HthoIogiW compogjlkm over i.hm 
enormous extent of rckHttitam* from Kashmir to Nopal The 
Productu* chilli 1 * constitute ora of (he most cofiffpieuou* nmj 
midUy ilisLoii iji hi^l horizon* m the PtUeoxom geology of the 
HinutJayift. Btsingwifl deposit*, tlwy have yidrlrd rmm- iivdv «.i 
lhr 1 Ih’xurt^ iitnJ compression of this pan. of the oioirntiLiroj 

nrid flit floral ,i gm&tcr degra? of onahkig then the more rigid hI rata 
nhovr jiikI below. jSre Plate Vfll &dng p. tm t abo Piute Xfl 
feeing p. 234.) The fo**fl qfgeaieme entombed in 1 lie ahalea 
include tJinriicleii^iif Permian Iciudnopod specioa of I'nxhictti-* 

( P. //Woni'h Sjutiftr (N. n/ntmkh^kT^i^ S r rara/i, and five other 
spcfeieii), SpMgtm, Bielaima, Martini# t Margimferu 0 L kimaln- 
tfertmt) and f^onrfr.i. Of thf^e thf.« sqjrejce Njwrf/ftr rojaA arid 
W rtftimfcw Mrruifofrn.-.-tA am highly duirtf terbtio of ife- fVnniiLu 
rd the < Vutrol Jiimrilnyik, In some eonnrrtions rontaitied in the 
hlnols dmJ' a tiro enclosed" ammonite* [ike Xfiuispif and ( ytloiodii#, 
Pbr Permian rocks of the i « rtmd Himalaya have beam also tlesig- 
nnU'il ah the Ktding «T3tom from u locality of tint iibuub in the 
Spifei valby. 

Df. Hnydtm given the toUofrmg aeqneiaw of Permian strata in 
the Sfdti area: 


Okj^fm^vnnr of Lower Triux 


I*rodtiotii« slndr*: htack ur hrwn sjlkwu* dink 
with XfMi*pt# k * 'fAJofabuJ, Murpimfirn him/ 1 * 
fapf /ixi*' etc 

Paltamiuit with Spiri/tr 

Grit- fttitl ipuirtziim 
Cougbtiu'rti™ (varying in thiclm+^wj. 
flight 1111 fiiu farm ity ---- 

Upp*r C^rboiuf&roiLfl, FvurtMeELiL thulea of Po wnr*. 

The TVotiuctus whide* arty recorded hy a group uf bedd char- 
natortsorf by the prevalence of the Triadic ammonite 
which denote* the tower boundary of t.Ln Trias of the Him nF.iva*, 
oikf of the most important and conspicuous fodk-aysirm* of the 
[fimahyoA from the Pamir* to Nepal. 

The strata iiImivp dracribed mark the beginning of the gcciayrt- 
oUiml faciea uf ilep< mt* comtiI titling the northern Tibetan /one 
of t 1 j 1 .• Jlmndnyjih. Aa yet tin sLriita are oompHi) nf -iuili-# and 
eftinfstuniSB, unfloftting pmximity of the uoaut and comfiUTitiirely 


To wot Trias r 


Permian, 
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ho overlying think sene* oft hr Trillin «nd 

w hollv OL.iifltjuited of limeeimu*, dnlmuitwt 


gradu,11 dequeuing of the t™* 11 

Kashmir 



«laty tuff# conUin at pltw marine fossil* allied to the fauna of 

the Products Itawcfqnc, _ _ . _ 

[ n t \ w Tertiary tone of tin* Kashmir Outer Himalaya there 
occur a number of large mo*** of an «nfb«riJi&rtWa Holmnitte 
Jim. .it.me, Laid bare ** oorc* of denuded anticlines. m the l pper 
Teftiimra nf Munw ago. This limestone {the “ Groat limestone 
of MedliDOtt) is markedly similar in its lithological character* and 
stmtigmiduc relation* tw the - lafra-THu " limestone of Sirhon. 
Hazara, am! is now tefrnod to Lho Pcrrno Carboniferuns. am 

limestone in. of considerable otwiiomie value front snuit' workable 
lode* of tine, copper and nickel occurring (P- “~ s b ^ 
interesting nimimsteinu in ootnwetion with the Permian of Kash¬ 
mir is the PwtDintinn of Ixjib the Oonilwitnii facies nf Ctiviatilo 
deposits, containing sowS-fern* Hke <?Vj ffpo mopttrii and fJlo&Hojttt'n-s, 
anil the marine depend L- ecuUmdng tlie nhaouitraktio fossiU of the 
ftf re. The < i.unlit aim lied> (known ax the Ganyamopterit 
whir It are the local fOprt^entativex of thoTalnhii'Damuda series 
of Hut Peniimvtft, are overlain by the marine Permian beds {Zewffo 
containing a bnurhiopod fauna identical in many respedU 
with that of the Product iib limestone. 

The Mid-Palaeozoic Unconformity of North-West Kashmi r - 
While ihc record* nf the lVIaoowjio froio tho Silurian to the 
Perm in ii Tire entinumw in the ^piti Himalaya* aa well as in eastern 
Kashmir, the (jimingii-al record of ttflrih-w#U‘m Kashmir and 
Hazara during the greater jmrt of tlii> interval is a total blank. 
With the exception of -m«IJ patches of Moth Quartzites, tho 
Sihirinti system nl Kashmir, west of tho Wukr lake, is succeeded 
hy thr Pmijal Volcanic aeries which lx nut older than the L'mlioli 
at the curbf^t. ' I’hi* ti* 1 !»• mtwl wid«p**ad rtgkmal nm-miformity 
in the grologieiil .nfe of Km-tJi UV*t India, wjutdly well soon 
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in Husom. the ivi-itont Fir l J *njul and the Punjab Snlt-tbrngr, 
The Haiath imomifcmiiity is proved by the Hamm i0dgra) date* 
underlying with an ."ingtilur imruiif'irmhv a gbcud boulder 
ruuglnnitrate which now accreted aa of Tafafrir ege* [u the 
Halt-Hang^ lAimbnaii bed* with n facum are y verb ill 

by n boi4ldmvbod m the base of the Product us limestone with art 
intervening group uf Dam ink plant-laming «&ud*tonttt, This 
virli^ijrwd ummuforrmt-y is proof nf the pfevidmioe of renm'neuuif 
conditions during tile (Jevimian and the greats (kart of the Our- 
boaifcrou*. Tho existence of u iMiijah-KaKhmir-Hnmm lund- 
mnfl* during tho Dnmdinvi ent in u wdi^atrihlkhed fact in the 
jwlruxigiiigropliy nf North-Went India. 

Thb jA-kl-l^feu>i>BC3dtit liitid+jnftvu of Kashmir pufumied one im- 
[mrrimt function; it mind. have served «* n hinddmiige between 
Unudw a unbind and Ihcgn^tiiiurlimrn Eumuinn continent (Angara- 
land}* Ir wm through this hud-bridge that the terrestrial vege¬ 
tation of the Indian portion of f.hiiulu-EU inland t^t*bIWied wnm 
link* with Angara hmfL 

When, at the and of the Dm vidian em h the earth imivertienia 
which mprcvened wnb^rad in a u+-w seditnunfriry period on t hr 
surface of the great cuuiinmil of i hjodvtrt upland to the* smith uf 
the HnimEayatr Hen, ihb purl of Kashmir, lor h brief interval 
formed the northeninuHt froniier uf l ioiifiivnnalaiid :ind wmt 
occupied by a ohorautcrist k lucid vegetation—the QltMBBptrrii 
bm, BOtm typical merubom uf which nw found entombed at 
aii ui* H4+ve« widely awttwed aite* extending ma far north the 
south flank of tile Kartskai 

In all part* of Kashmir west of the Hind valley, this imconfor' 
fflity its dearly revealed. jfa effect being in soma place* exaggerated 
by a program vt* overlap of the Pan jo E Vulcanic 
If WAX with the eommeiimnroit of the I'mlbtn time I be Find ue^ 
tm son of Hpjtf extended wetitwurd tind overspread Kashmir, 
Hu/.ani and theHalt Range, (inhering in the long period of Tothyon 
murine sediment- thnt eeaaed only with t fin Middle Eocene, 
Tanawal series--In i he Parana n-nri metamorphio Mr of the 
MAY. Himalayas extending from Kughan to Jam mo, a vuluitiin- 

ous ^erie*, thousand* of foot thick h of mctamoiphr^’d roc It a of 
tn n r ke<Uy a rc nadeo os otj i np tinn — liandri lnr%i liaceou* q narbt i tea h 
£TitH, phvliirt^. and ijiMirt/->i hi(sta P with elastic m well as cirush- 
cnngloiner.Lt*^-faivur-H m i rnimbiT nt tuM-fnulfeiL disturbed 
longitudinal brniun, miv to four guiles nanra the ntrihri. These 
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Iww been aamn] from the TwwwuJ country in which 

similar rocks wtno first rwopdiiai by Wynne. TJiuir field rota 
|\atu wiili Lie Parana tuctu, among which they lie, am 50 distorted 
that if is -tied .lifiii uiL to decide whether they ant older or newer 
ihu-ti these Tlirir jjnulo of etrnsu mtitamarphisTfl is fMnwtimc* 
lijghur ihan that of 1 lie Purnn». However, fmtn mWrt evidence 
Ibnt tbo upper ijiinrtiiltf masses ore. m a Few eases, really eiboifltti 
limestones of tho Sirbnn type (th» " Itifnv-Tnns ‘ r series) it is 
pOHsiblc to infer that the whole group in newer than the state 
.criert; but beyond suggesting that the Tumwnfs bridge the gap 
between the#‘ eluto series end the tVrniO'Carbtmifertms. no 
definite ago can at present bo ascribed to this group. It ta pe«- 
■fi.u that (lie lower pint of the TaiuwaU may be coeval with -to 
old a formation as tins Math series. In the Pooueh Pir Paujal 
these rook* allow a dour lateral passage into the Aggie me ratio Slate 
*vrh . of Upper Carboniferous age. The whole group is entirely 
ijrvrtjd of fossils- 

In the Simla uml Uarhwul area the frinnatioTi which succeed* 
til® Silnla sktf^ is ihwJauimir MtitS or Old Httff&ai miei, boih 
imfeiailifeEtJUfl iilem! of imrarlaiA stratigraphic 'pwition, similar id 
Lbia respect In ! ha equally ubscure Tonawik. At many localities, 
ho waver, tho Simla slated arc Overlain imotHiformably by the 
Elajru florid, the Upper Carboniferous age of which h now re¬ 
garded as provifd beyond sorioithi doubt. 

Pititn l he nature of their occurrence m dtawnn&ctad isolated 
I mgipift away frcun die wide sediment ary terming and their barren 
nature it is conjectured that the Jittmsar* and Taiuiwak are a 
continental system of luid-lktucomo deposits, laid down in de¬ 
pressions of the iliizfini'KasJmiir land-mass. 

Upper Carboniferous Tlie FanjaJ Volcanic Series, Middle 
Carboniferous earth movementa —During the \mi of the depos- 
itloii of Lhu Fonestolla dialr -beds, I,ho physical geography of the 
Kashmir area under wv.nl a violent change P mid what w m before 
a region uf quiet marine scdmiciitat.ion wua converted into a great 
theatre of vulmnidLv r win j reb> an enormous superficial extent of 
the country was oonvarkd into a volcanic region, mich au Java 
and Sumatra in the Malay Aitdripeibtgo of iho [nusont day. The 
elastic and liquid product* uf those vnlcamm buried large areas 
rfK mdimir under 7000*8000 feet of k v oa and tu fl\*. 71 u* v olntiiic 

activity ft# mnit iutcusb during the Barannik when it reauheii iLa 
dim ax < after which it diminished greatly- though n isobtted 
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(Dtilif>, ws in fJllftit*>, ei iK'ibihh^! H|» (o T«lii^ Upper Trins-ir 
perk*!. 

Physical history at the mid of Uie DravidiiUi era—Tin 1 \ -iirHi- 
imivcjm-nt-. mu] jilij rtiomH|dui j MVidutimcf, with which ihh- igm-nnu 
miihnrnt w?!* usouijiled in I In? K;udimir area, were nmnefited aiinJ 
cohfemjhimjitttJiis with the criih I-niti cements in Other purtw of 
India at the (‘iid of s ho Dravjdl&n em. TJiid was the ^padi of 
many fkr-JVAtfllibjf tin tin- fui* h of India, nv wc have seen 

in (Tiaptcr VIJI, Thws* dumgen put an end to tin; emit menial 
phase in Kr^hmir end to the epoch of < fawlwjuiu wmlttinnH which 
iind tftT*<kd Kuibrnir, ocmvurtijig it in fact into « wirtb-wiutarn 
province nf titnt continent. 

Thia Gcmriwitm epoch in the history yf Kashmir wiwi tJtwv 
of bur short duration. For the .^ai ,-oon mumed lift hold over 
this urea in tin- j Permian timrs mid oonimenoed to thruw down it* 
charnetcridtiD depwite in tim gpwjmfdtoiil of tin: Tethyi p which 
once more brought Kodimir within the "Tibetan 1 ' mm of Um- 
Himalayas. The diarlne Fermuiu of Kashmir, aw weidmll aee, in 
both in i la phymnd and hiologifnl dtimuif^ra on a par with the 
Frrwiurtiih! limestone of ihr Siili-HiingO and ?hc Prodncti^ slide* 
of Spiti nnd other nreri* 

Agglomeratk Slates and Trap Rocks of thi* and» lire divisible 
into two broad rations: the lower—a thick wrio* of pyroclastic 
slate®, conglomerates and niggktmcnit It ]jo duels, t housinrl 1 ol 
feet in tliioloK^ and called by MiddJcrni** the "'Fbnjfll ftggh*- 
meratie ishitea and the upper—the M PauJuJ imp* ih H mi equally 
thick series of bedded andaitio and basaltic trajw gunturally 
overlying the iiggtflugii'rateg. The scripy trovers an enbliiioia 
superitaioj uroa of thu country* lacing only neat in araid diitt.ri bil¬ 
lion to the ^ncfasio rooks. It build* the majority of the high 
jvak& surrounding the JheLum valley from the Sharmsh Abrin to 
tho Kolahni {I7.7M feet). 

Distribution —It is sjwoiiilly well developed in the Panjnt range* 
of which it forma the principal aiihstrwtimi, being vfaililr a* 
prominently (,m its aides and Bununil nh m centre for the entire 
length (sf the rang* bom the KiefumgtiOga valley in Karri ah to i U 
termination at tise Kavi (»» VI XV), This drmmistanffii gives 
the name Fanjfil to t bo rcKrbf idfK^ fnrm the hiuek 

on the north-west ermtinuatinn nf the Zanskar range r 
beyond Nun Ktm to ns far ns Ffji 2 ara> The Fanjal volcanic®, 
occortling to Lvdekker + are abo developed m Ijidnkh, eTctei^dsng 
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further to tin- mirLliWJiM m the direct ton of ihn rhangihciimo 
viilTr-y to 11 4 <" very furthest. kurdm-s of the Kashmir (orritur v. A 
few uutlictr* of tin 1 sumc roiifc arai m»L wish in B&lifstnii n* fur 
north u* Skrinlu. 

The stmiigrnphiij*J pcwilkm of these depots b* noteworthy. 
Tin* Panjal voicamr serial commence* fmrrt vnrying horizon*. from 
the Mourn viui, Ur«3a«m or oven Permian, in different localiti** 
iitad extiniilH in its upper limit, lilifiw igsi> p to the Ijcfwit Permian in 
ftdmo plsws und the Upper Tr'm* in other*, Both the lower and 
tippr limits are jrravniJJy prwci»ely doted by interaikithm with 
known fu^lttfrrmi* horizons. in the Vihi dihtriet the TOlc&fiie 
eruptions dir tuis with tin- Lower Permian; in tht Ltd nr with the 
end of the Penman ■ while in 4 iumitt the viiJraJiicity did not end 
till well into tha Upper Trias. The erratic nature of the Imp* as 
u rtrattgxfephir unit h thus cvidtmL 

Natans of the Pan jd glaie-Agglamerfite-—Thr mode of origin of 
tilt* lower jmrt of the Punjal TotcenJe eerier, or what hm Wit railed 
the IH agglumerati? ” Hlntis, i* not en*y to iindetotnnfL Much of 
it t* compet'd of & tine groywiicke-Ukfi matrix with t'mbwld&d 
angular grains ofqnsim. fins the rock doe* not Apjicar to lie an 
ordinary* sedimentary deponit, ftuumuaJi at the embedded fmg- 

mrnia mo quite ungnhir ami often berom, v» i rj large m suae at 
random. They arts piece* of quartzite, *latf% gmriUe, 

etc.* irregularly dfo]*-i'M?d hi a fine-gruinwl matrix. The iwk is 
generally ujifoHHilifrfOhs throughout, though at a few loenlJtir^ 
several intent ting suites of have Iwen lEscovered 1 which 

are idcnticid with fonn^ entombed in th & underlying Fenestella 
*srjes_ The most common forms arr Products, Spirifrr, Chond& r 
Birhxm&i Ctimumpkimtt* Strrjphrtk* iu? H Lfphunn, Strf -pttirhtfnrhufl r 
SptrifArina, Avicutop*cte7i, 8antfuinf/lites A C Qftocardiwm t 

Umpht-rnv* and PUumtofiinriQ . Thai such n rtHjk could 
nut have heap the product of any simple process of sedimentation t 
whether suhaerijiJ or flttbinftrrnr>, in quite clear and the origin of 
the deposit so widespread and of such uniform otinnteter is a 
problem. 

One riew i- that the rock ts n. Joint product of cxploHjve volcanic 
action combined with ordinaiy aubmirird doposiiion; she other,, u 
diametrioaHy opposite yhw , is that it is due to frost-action under 
glacial or Arctic conditions* the frost weflthemd debrk lieing sub* 

a E. S. Bvm w Pul. Imi Irti. X.R vpL xii t % *. Ad, / np f.N\af 

Tnl. -Kit, mfrorih u m± 
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transported by fitting ier to fakes. Middle* 

ini^ favour* the farmer iwr, a, being more in keeping with the 
nHiinl cifciiiivitflitci's of tint (aiw -unf m iHingrntmf. with tbs lava- 
eruptions thatjuca%dt<r[ it. though be joints out that the absence 
of glam par tidal, pi 1 mi re frngmenr* and other products usual! v 
aasucfated w ith t.uffij i« irwcuncifabfo with this wear. T,ater work 
in tin- Fir Fnnjnl bus tMtablisluxi the pyroclastic nature of lajge 
l™ J ’t* of thin formation beyond nny doubt. The matrix of the 
at"fa Often ti* full of dt> vitrified unrf filtered glftsa with pk-tiDOrvufa 
of falftparit. 1 The pnaraice of Lower (fanflwnmi plants in beds 
tin mediately overlying the volcanics favours the in&renea that, 
the dato-capgfagnoiptc i» a gladai deposit entre* pending to the 
TatehCr boulder-beds. Xo faofctod or striatal jjrbhlra’ ate, how¬ 
ever, *«en in the ala ten : on the contrary the pebbles aw frequently 
ijtiito ttiigiilur, Thu fallowing section gives a general idea of the 
■ M i« i aerfes, 

ik'Jdcd gfEfyu Nad iiurpk trap, mvetnl rii-iuoanij 
fert iliick 

GcwjiMi a«b-fcixffl # titles am] iiuglupwafli quart** 
ties with amygdaloid^! trap, 

Bhu k arid gray flgglcmurotifl slat®* [tuffs) with thick 
h(ni» nf I'f^i^SfijniTdtr? captaining tfuh^nngidor 

t»&Mw of qiwuite anil alatr 
WTiitkJ'j quartzite and s«inliitmu«. 

Blank ofatc* with angular or 

«uhk angular pebbtoa of quartz, jb! at* and j- m.yiM 

f Vhv AggJomeratio siatoa of Nigmjtrg a ml Bm\ contain Lo wer 
Gondwaaa pkffte. w^aCKiIatcd with a .^rios^f aAUtbtmuyian j 
con to in mg li marine htadtfopod faima mid Eurgitesmu. ThL* 

horizon fxnn?fiponds with the Mt&gdxmm horizon pf ike Sa&Bflitg® 
PmJuctnfl ileriea, 

PaqJaJ Lavas. Petrology—O vt*t the ogghimratiie *kt®6 rhtrr 
vxmm a grtmt thicknc** of dkt&otJy h^ldod masdve lava-flown. 

In composition the Jam in a hnaiu vmrieiy of attffife-aiidraiio or 
basalt of mn dtty va rying from IG to i]ti per cen i. of a jut vailing 
ilark or grmutdt colour* ihr gtuvu colour lining due tr« the 
ticin of at igtt* and other conaldtiietits Into cfpfdote- Add and inter- 
mediate diflen-ntfation-product* alsv> wmir Icmtlj nod in small 

1 Wttlllll* M*rn, OJtJ mr Vftl. li, p|. ±, 

* Al H fr>» ItHfUl h|J4)1h imnurruM ftlrubnd ^l*enid pMjlr* HIT /t-LUfcl rmleri|.:lrtl in 
Iln hIhIm. 


njcks of ihe Ptin 
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ty. tnwshyte, MtatopllWp rhyolite, acid luUb, otc, The 
rrak i* usually noci-fWrpbjTitJe and compnaL tit texture. but 
porphvriite varieties ary outastimivt, and umygd*laidal vudbii&t 
urp often, and with In miimtajrapk' fllruotiMv the lavas am a 
mu to- crystal line aggregate of pUgiodfcAC felspar and finely gmnti¬ 
ll ir iiuiute, ufi-irh of vi't imdrvitrifle] idsi-sy matrix Mjih 

rrntite b very common in irregular gnuru nml <11711 tala, Ifn 
otmnr 1* present. nor Any well-famed eryMtabi of augite- Ib 
Mnieuuv is henitctysteltine throughout, only minute prism* of 
white turbid fabipur Wing detected in w linely granular Aggregate, 
but in !Mjiru> varktie- there im- large prismatic phenocryste of 
foUptir arranged iti AtfimliAped or redialing aggregates giving rim* 
to Whvkl in called tjfomrui fmrphrjrihe strii utility SaOte rarictiw 
are litiiygihloidiif the nujygduEi^ Whig computed of tiihaa nr 
epitlnto or rnrt-ly of «nme mdite> Tin- lavas often tibow wide 
spread alteration of l be nature of epfdutiaftliotit dibiitisutiun. 
and nilHirr.-o ion, I k-v it-rificutk-n h rnont common. flrwa chlor¬ 
ite in etnnmody pmjenr. in the febipftre, and apidote i$ a unlTOtua] 
neofQiduy product resulting from the Interaction between ruigite 
and ftlagtectaHC. 

Whim the Iflvah hit iefteriaviiled with t ,)< r - date*. the contact 
in rte morphism induced In both the rooks is of very marked degrcv 4 
ibe two lieCumiftg quite itldktfaiet from mvh other. At Gagrih&l p 
near Srinagar* Mich an intimate tL^idation of the two kinds of 
rocks in Neeiix NUIh and dyki-« of eojirw textured dokrifce are fre¬ 
quent in tile liedtfed trap-flow*. 

The individual flown vary 1 in think ness from a tew inches to 
twenty feet or morn, amt am markedly fentimkr. There urn no 
Freatt^mter ffwlljiient-iry intercalation* of the nature of “inter- 
tmppMin M h*sb t but in the body of the trap® there are found 
considerable thiokne^e^ of inter tmppetin marine fossiliferons 
llmrstaim ni Permimi (Sirhrin), and Lower and -Midtllo Trioa 

Etmeatoiir* ute obviously foesiliferouH and show a gradual 
passage into fish-heds and traps uInive and below; Such inter¬ 
im ppran Jtaw^tattes of thfoknossea varying from HMQ0Q fret, am 
nbwrved in the mountains north of the WuW* fa ihe Uri district 
and in the K mg ban valley^ HW.am. The total aggregate thickness 
of the Uva thmN hh^suito several thousands of feet, 
feet being wen in the cliffs above the Wulftf. But ibis dcvnki|i- 
ruL-nt. is often purely lucid; over uir^e tmm tlia trap k tuimng, [U 
pluisji l»eing oreu jiird by a^Iouiemte Mlkte. 
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Age *md T^rtiu«U tjtemim of Fiuijal tapp-Tho iippnr ftmii of 
ihi J iiujul Invu-llm* in Villi m efcarfy defiiwf by the dkwllv 
OViTJyinn pJ>intc-l H '4rjQg bt*k of ].^ct tiondwarw which in 

hirii lifts imimHiiiiU , ]y tiUccecdcd by marine Permian ro^kfl, lit 
fpthvr g&avi, however, (he flows have been found to extend to a 
muyh higher htirizGti, rut far a* the tTjqiCf Trlasslo, fi few flon 
iKsing found locally hitarbcdtal with limed ton* of that age, In 
gtTitnil the 1 Vinjul ceaapd their Gfuptivo mtthdty in the 

Permian. I hr*#- buhotTinl virilce me eruptions therefore bridge 
over thugoji which i» u&tully i^r^ived *t the lim-je of the Permian 
In >■! J J other (jurtij of India. 

hi iiddttfixii to lava-flows then* an* scon dykes and laceulhliic 
majttkv*. ..f a gabbrojd and duleritic magma, cutting through both 
l.ho Pisfijul slates and traps ar mi liar rocks in several parts of 
Kflihrofr. 


Lower Good was u\ of Kashmir 
{j&ugamnptera Beds 

Distribution —The KmJuJ tmj[» am directly and conformably 

overlain in several parts of Kashmir by o acrift® of lioda containing 
(&*np£tm&ptrrifi ntid {*kwvptrn* t »<> eminently cbanuiteriafcio of s he 
Tddnr and hamudn nene* of tba Peninsular Gondwanaa, Thu 
Uondwnm plant faring beds Have Ijobh nier with at seven 
Wahtien, ms* mi the north-east stapes of the Pir Punjab at Buni- 
hul pasrt, i Pi*labgarh pAM and near (hilmarji: oil the opposite eui ]^ 
"f'he Jhfilmn valley, in Vi hi iwivr Srinagar nl Mamliorn near 
Bijhiam; and at Kagmarg .m the VVukr lake. Of there, the 
exjmnim ur Uinta ,pl< 3 Hawaii in the Vihi district nrt the moat 
noteworthy bccaiun? of their direetly underlying fus^ilifermns Fer- 
mian limestones, n circum^Aney which clearly eatahtiflhi? Lhejr 
exact atmtigrapbio ht#teon, Tim is i I hist rated in the action In 
hig 23, p, 22(3. Tilts sorica of beds U, known as (In- Ontujtnft&pUrij 
from i he motsi fiitrvAlaeU M^^fATO, In i predion a of whoa*- 
leaves arc well pra^m*! m the Min-L or gny |B mUm r E - - " r winch 
111 their cam posit ion are bkek gln*#y tuffs, dmost entitAy oom- 
I h 3.=n?^ I ot jsat ropi e oMn 1 i mi - ii kc gla - .* \ i o •■--•]liici«ate o u tcr<i 11 of 

thea^ bedh* vlnible ot tha OolnbgiLrl) ji/i-m of tin- Pit I'aiLpil, one 
oF the jiiys-sf-! an the mtkgu leading ftt^zu if if province of Hfiiniinti 
to Kiflhimr. 
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Lithology—'J'lir* lJriiigiHiiOjdej , i*i insi* jin* <viN|knH&J of a variablifr 
thickm^ i4 i lurirt, «ilM:ixnin dtdafip radio rwi*-tmj+ ahub# muj 
beds nf -quart^ik\ whidi in tlmlr vniuLihitiuii *mp hugely 
|iyn^Li4tir. The thkkne-i vane *1 from a fow fwfc at aome of i he 
Vihi mi*crop to Miim hinidiwU of fret in til* mitoroji at the 
Panjal migc. A peculiar rock of this svrkts in a " novoculito r \ 
wdl **-^$1 ai Jhims and ml fvhimmn? ft a comjTaot elicit-like 
riM-k si!' whjt$ ur dr&iiii < a okmr P which fra* rvplucod an original 

lini^mm- by nitlciBc^fhLmn p forming the* b tm* uf ihe series And 
directly overlying tho trap*. Tin* black atmles of iiiany of tha 
Outcrop* nf ibe Citsfiga itiujj-Ijtj* l*edft lift 1 likc-witjc- frequently silitfi- 
tied- Qti the hi nth-west hunk cif thr Fir Paujrtl tiondwaila IkiIh 
{* Upper 'j 1 ,maw. iliJ iwbiLitUU* a thick series of llopOttstfl some 
I hoEicumiJa in thiokttH# coiiftistmg of partly metamorphosed 

hhtdrjs, phy IIites h qtiurtmwi* griiMi&ttd sandstone*. iliu fatter showing 
extensive ripple-marking, emw?-1adding nml colonr-hanclmg, The 
iSeries i% ^f-ncniilv baiTeti of nTOgniflahh- fouaJU* hut frtitii itn posi¬ 
tion above the Dogm dates in wide synclinal badri^ with n Iicika! 
boulder^rnugloim-nu^, ,md ir.w conformable relations to the Agglo~ 
iniTur ir Shu> it r* ini to lively inferred to Mir- Lower (loud- 

wanna. 1 

The Gohihgarb section — The section hduw give* the chief rom- 
poatente nf the eerie* viewed ut tho ifolabgnrh Pas*,* 

Zt'WiiJi W. UinaAtCW. Pmuirtli. 
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Fossils—' The M.aidwumt fossils tndndo plant imprw*uons U>- 
With poi N of the skdotoiiB ol lahyritlthihlonts tuif] Jlsln • . 
The plant* or* oljiolly oh turned from the Goiabgurfi outcrop, whfle 

lb- vcrLebrale minim- were obtained from Kirin and Ki .. 

’Nil* plant* include n spcdea of (Jungornopitri* sufficiently distinct 
from those of Lin* Peninsula to Le mimed </* htxhinirtiutit, 0 Liter 
fosKiJn tiro (HtMjmpkrii indim, l erttbrorm initial, CttllijrlrrnHitm. 

Cardan** {Xtityfftratkiopiri*) anil Iroves of I^tf/mopAyliutiL, a gaum* 
related ti> Hinkga. ’Ib* TetUbrale fossils consist of tb? settle:*, 
filin, jartiijiiK of skill Is, n mandible. iiihI fragments of tbe itiml- 
limha of Ambb/piinu i ji cartilaginous ynju/vl fiaii), together with 
fragmentary remains of* speaks of labyriuthodont Arehtgosdarwt, 
atifl ™ cranium of an Atfmodon siwcitw, A. rmntn*i». 

Age —The exact is orison lepngwHifo] by the Gangamop Leris 
link in terms of tin; typical Gandwuna sequence, cannot be de¬ 
termined with the help nf the plant-remains alone. although the 
oeoanenre of (httignmopirrU suggest* a relativaly tow hurizoii in 
I he Gondwnna smics. lint the uawriat ion of tliis meagrely known 
rlorn with marine strata Mow and above [riz, the Middle Cur- 
IwniferouB Feuestellft dialciM rind tin- Permian Kcwftd bed .1 i< M u 
event of tin? greatest importance in Mm stratigraphic reaml* of 
tndk. It has helped to solve 01 10 of the must difficult problem* 
of Indian geology- the settlement of the precise huri/on of the 
Lower Gnmlwnun system of India, 

Fhp plants resemble the ctinraotcristio Lower (Juiitfivnnii types 
of Sout h Africa, Australia arid other countries of tin* soul hem 
hemisphere, ami are thus very iulcn-ting os aflbrdmg us a glimpse 
into the geography of the northernmost limit of the Gondwana 
continent which included w ithin its ljonlcr* nil th^ countries. 

The Permian. The Zewan Series. The Zewan beds -The Fcr- 
minn deposits, the local roprosuatatlvesj of the Prixluoiux limestone 
nf the SaJb'Iiaugc and of the Product u# elude* cifSp&l, make 11 
vor> r wdliiiiLrkfHl Ijorbton in the geology of Kashmir These 
depowts have Iwu known since an curly date a* the tfumn W*, 
from l.lieir exposure at the village nf Zcwnn in I he Vihi district, 

-At Hi id particular locality the tfouji iiiuploriA (icdji uif overlain 
by a series of faesdiferoua ahnh*? and UmewtptMfc containing crowds 
of fussil brack bipod* and polyxoa. In other part-s of Vihi tiih 
Series is inure fully fdftnpd. the portion n<pn-"’ntative of i]ie typi- 
cal Zowuri section Iwing Auoceected by another thick group of 
limestones and disJra underlying the L^wer Tria-srie Ixak Tim 
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trnii 1 Hen an *«ofiPs hut! nMirti.'ijMontly been niiiplitiifl to nwive 
ill!- ciilife tnjcw^4oii of lads iHiiwCeB the t hwiRiiHinpto'ris *rtd 1 be 
Lower TrJjuwio tod* Hit’ lawn of itio Xcwrrn series n* argillaceous 
in MMupadition. the abrile* being crowded with the remains of 
Prttfwirpo w T u |Kiljitoon resembling Tile BppBf part 

id ealtmrcous. the litticatorm strata preponderat iny In a few 
jdmle* intercalated among tlm latter, in contained ft fiiumt resem¬ 
bling tluit x.r t!iti Prod u el. ns nhat*is of Spiti nnd other parr.- of the 
oinf'ral HlnmUjttS (lvi-r the lop of rhe Scries there lie thin 
bjiii.ii- uf Uni'll Ji meat one and •ihntiM bearing Pttiidomonoti#, Ihiut- 
hiitv iiik! oilier ammonites, nwirkinr a Lower Iriits limit. 



Kl». S 3 -—Btwtifltt oftbr K™*ii uio, (Juryiil Ksv-irws. 

iituldkniiii>\ !h - (Wiijioil .Vurnyi^ Wmi, ml n*™ |‘l *' 


A thin but cont.iniKiu* bund of '/aw ,in rocktt is atvii .dong the 
emit,!i-west bills of Vihi, and in en-extomdvo with thr much more 
|iromiiHMit Triwsie outcrop. A frw thin iaQktod on temps of the 
writs ore notier-1 in the Pir Panjttl on either side of the central 
hxli. overlying the trap. A mute voluminous development of the 
Perm inn in witness <rd ia tin* w at embed arm of the Upper Kind and 
Lidur valley-H, item Hilly underlying the Lower TrUiv 
The following section, vary well caponed in a ravine near .Kh un¬ 
to « ffJijn-nl ravine), is reproduced front Middle nr) i.nr uml ILiyden: 
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Mt*i<w,nu zone of tho Lotrof Triiu-. 
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Shales nnd liairatone, thin-bedded. FeflaiE*; P^udamm^^ 
BcUcrvrphtin s Da n ah it*.*, Finn in$ittj n 
l>ntk arcmM-H^ih idi&M, mi^aarcnm ofjd ourbormwioa^ with! 

UmHtWE- listen n!aiiftin ni Iww. FWils ■ .it&rffinifcm 3-300 ft 
MimnltifntwU f Pm. Mdam&ttQtis , etc. J 

Sh*ttM rtntl JlnicSttjniv rrmvdi^J with Pmttirri* ^rn, .If/iym! 

nptii Ditfomn. etc. j " 

Jlark grey lrme*u>jw with ahniEr gwuftinj, Fossil 1 *; Jti.woO 

2 fHMhprit p *te. ' -&) ft 


} 


JOu ft. 


XuvnL LiljiiM* and infrj&iixniii ftlritU of the iW*, 

Fossils— Fc^HiJh im< pra-nt in ki^e fulfil tare in the Zemin hedi-« 
They include erne SmUiiuA and two g j*nm of run mom tc#, Xrna&pi* 
and PopuncK*!m»- The h mol li branch* am P&tt&vmQWoti** Avkulo- 
ttfcttn ami tirhizodu*; bill: the most predomiDADt group* am the 
braehjopoda utid polyzrm. '('he former a re ntprrarnted by Pro- 
duftu# rorrt, / J - jfpifnli^ P. ptt&dkm* P. gnn^t'.tir.uM, I\ ind{tug L 
Spiriftr mjah (the nn.t-f numerous), Afxrtinia, >SjPmptfra> 

Ajan/eriNfl, Marfftntftni vktiana, Af, Aitmhjfett.n^ Lpttonia f 

{-'amiirophorut , //rr&F/ri. etc, Among jmlytrta 1 he specie* 

Ptt&rtUjfom nmpla u# jin Kinl in overwhelming numbers at suine 
horizons. Its fan-shaped rat so ulate structured io&ria resemble 
those of Fn^Mdin. but actually it talonpi to a slightly differ¬ 
ent zoological family, AmnthodiMiia at$o is a frequent form. 
Amplrjrw and Zuphrcnii* are th& more common corals. 

Age of the bewail series —From the pilaOozitoLagjoft] standpoint 
tho Zewftn series b correlated with the Middle Portniaii system of 
iSnJOpe, a otmtilttshm amply corrobora tod by the stratigraphic? 
relation* of the series Jo the Lower Triii,*. An fn tare* ting Fj*ct 
r^Tealed by the Hawaii fkurni ia the exact parjiltali^rn of the>-! 
dcpoaila with Mll j middle and upper pan! uf the Pruductuji lime- 
atone of Iho Salt-Ranere, most of die genera and mcuiv of the 
ftpaciei* being cum man to thu two regions* A contjmriron of the 
fannaa with tin* Prnriudqfl (Killing) ah ah'* of the imUnil (Lima- 
hiyns ol»o brings uat Hip ckueflt ^{X>logjeal ullitdtlr^ tativr^^n i{i«He 
dinGO homotaxiul metntarw of the Em Han Permian and PeiThfv 
Curl»0£tife roi 1 > syytrntR ■ ! 

1 Dr, I^ortar l p -g, miL r, wm. 2. I&j^ 
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Permian of Jammu 1 

Within the flub-HimaJnyM *uuo of Jmiamu, rn|JK!Mntativfci of 
lEu- uafo^Thfomuii llnu^tonr, Bit-ban limraitoiic uf Hn&ixm {Infra- 
Trim wrift i). of prraiuiiably Pcimtkm or Permo ^Wlmnifcrons 
prop mit in u elm in of InrgJ uni small Itdiers extending from 
to I hr Fuonuh valley. Thk k a very tmufflEioJ ciitcuwslJintt!. which 
find* «inly urn- parallel in tlin Tal Heriv* of the Kepal BlnmTnyjU- 
In Jammu. rnoiiiitahwi* tiiAHusa of a Lite ur Lilli* moy dulomitie 
liimsfltone are laid ha re by the renlovnl of the overlying Eb^one 
and Blurt** aeries from enfcieliiiiil tope* 33w most noiftblo of the 
inlier* thua expftwd forint n omMtfdouotm knditmrk near Rkai 
(the Triknr* UU). To tho we#b of I Mb Is a series of hug-batitod 
mu*.s**i of Lhe name JJimratonc hi it! imre Jo denuded anticlines t 
generally faulted in their nt cop south limb* against the younger 
Tcrmriea of Jammu* Tim limcaume, over inrtq foot thick, k 
entirely Imtrvn of organic ronfilw ami, its HtretSgrephici relations 
being nowhere i»sjKP i w>d* it doubt fully referred to the Kioto 

limistnnr of Spits and named tho M Qre.it liim*4onr M . During 
later-Survey work, however hojthj elue to the identity Mil- rock 
haw liven dkeovcrtNl In the fnlercalation of t ho base nf thv lime- 
ntnilb' with Agglum-rratic! nlatc—an lunm^ktioii often nolic^-d tn 
Ike Sir ban Hnw^rnm- of the Kaglian valley. There k also n clow 
lithological ni mi lari tv between theso outcropi. 

In It* petrological dimeter* this llninduim ^dwb analogy aiw> 
with the unfoEiidtifcjctiuJT Knit liim»tojio of the Simla-CliiLkmta ami. 
constituting a wide and fnug belt of poat-Btkinj limestone ansi 
Associated merks. 

The Vt\mi Ume^t-nm considendde evoiiomie im|aH^rl - iru -- 1 ' 1 

and forma nor nf tin? few noticoiibly miimmlbcd jhOok-fnriimtiun& 
of the North-W« hi Hinuiltiyi^ imjmrtjuii \mb- nf rinr and 
copper Are found in the liriit^lmit-, with v.iun of tdcJudifenuis 
pyritc? nild galrtm. The ndphidir ore.- of zimr and copper are 
proknhly motasoTimtm replacements, while gaum? and pyritcjs 
ni^ vein-fliiingft (S^ 1 Pig. 34, p. SSfl.l 

Krai Scries of Simla 

Simla Hills Area—With rIn- caption of some intervening tmn«- 
rtotic# amt ulatca nf imrortam position (filiali limewtono), thV &yp- 
tein of i'le B |kOftit.H uhich next aboye f he Simla dntr^ x& rpforTT^I 

1 D, N, W ijjfiit , f'rc* t,US.!* vt>l. Lutii. pi. L 1 , 1133^ T 
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Llui Upper OirtHhiltoo^ un d I'ermirm with ft high degree of 
probability Ah In Hamm, the bg «*m bi*i j ri * gjjtdli] bouldw 
Iwi—tb® Waini arngtom'rtf* --uuonnfbr e ri =ibly reposing on tfac 
Siiijk state* or fctui damans iutt^ed by ptrik-edoiiriKl ildo- 
ndtie limoslon^. Over thiatp equity 44 1 hick «rie® nf carbonaceous 
flLnlv skttes, with brown qnartdt* pftrtfdg&—the IrtJhi Krot 
- wkcli haw been proviekmdly oambtaj wifh rise Lower 
G0lll!HIthiL4 'jf the IVn[j]^lllji h 11ll" KUtWcding Sdioft CHJl&tgt3 of 
ii thick group of massive Woo limestone* and abate*, uuclerlkm by 
partly aviaolidAlwt, e,*rw referred to 143 the AV^f 

4Ttnff, from tbrif building fbo ^»Et 4 pjouaUA toormtalri of that- iijimo 
war £k>Um. A* With thc m t, of t f 1 if font! . 1 1 in mi of l bi> S i ml a arm, 
Lht' Krol Junr^mir-j, fro eminently adAptal so pre-serve any on- 
tomlmiL organisms, on; entirely imrrm of fctpsjk, Thu inference 
that tlusy kite homotediJ with tlwrSMuui Jimmi-mr of Hamm and 
thp Product ijh group of tho SaH-Btnfp its based on file prohahJo 
pflmlJiliflrn of the eeqt^nc# contetmamg with u glacial boulder 
bed (f Tiifrfiir) in t hese 

Din mimt. prominent devtfopment of tin Krol vzrm is in what 
in known #1^ llif Kird licit. ed the* Outer flirnu fn v;l of Simla, extend- 
jng from near Subdthu to Xnmi Tub a distance of 150 inilea, A 
v,!i T perfect btriktigniphic sequence has beer* worked nut in thia 
wva by J. Fi Audios which has revealed the presence of a number 
o( thrusts cunning overriding of Tertiary rocks by tbit touch older 
rockwe nn- ctmddering hcn\ In the oobhfieturhcHx} of Solon 
atn) Stib&tJm, Eocene and OligoociiD rocks am cjqto a* iuliors 
f" ^ ”1 by the eroeton nf the superjacent overthniBt tpi^ecs 

of tlii'se presumed PerniO+OarbonifiaotiF rocks.* 

The probable eqirivalent of the fofrflitifemciH I'ppet Carbon i 
h-rou^. and Permian of Kashmir w the thick pife of sedimento* for 
tht fc greater part obviously marine, but showing oscillation to 
fre^Fk-water and terrestrial contiitionw, coming over the Blmni 
fwuhtrr-hrd —a gbicin] till cofiAiMfdg of icO^Cxtltched pebliW In a 
finr matrix. P Fhis w siipdrpos^l by pink-coloured Blaiiii limestone, 
th*- thick ^criejj of f?arb+jiinceoiis states and quartzites, 

overlain by the prominent limtt&Ottft fonujik.irm of 1 Tjf> Simla 
iTlOtmtams — -tho Krol JiincstCUID, Though quite barren of fnaaih 
the Arof Krif£ M i^>miigEtiii^ of dnlomifiL 1 Fins intone, HAudatoiMf and 
FbaSe^-, 13 of high interest beoanso of |tn tectonic Complexity and 
tlic greatly inVoTral strattgraphy. 'Fljc Kr«»l belt, of the Simla 
1 Ktt. a&L vrtU UTil pi *, WM. 
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HjjnfllnviM, otmaiti.iiig «f pnwimaMy P&nm>■< Jtrf»n 11 famin' n«>kji, 
Imitd&im important Hcntion nf the midclltf Hintafo-vn^frotn Kitlwithl* 
to Naml Till, in whinh much ifotniM wk h«« N*" wrM out 
during Into yearn. 1 

Karakoram .and ChitraJ 

ftjerftffcroiw Permian or Bamo-CArliuiiifertimi strata P mainly 
ore observed i^xtotnrivL'ly formed iii tl^ Kuik^rftw^ 
Awrdin« tn the findings of the Indian IZxps^knt of 1013^14, 
tHo mountains »f (k^h^btuin, tbe I Golden I and ihv ( n^tol 

and Bride* Pt»fa am built nf then* Uttii stance Permian ttnimtow* 
liuve also bnon observed in thi> Hhak&gam valley ol the rntigPr 

A great thicknt'BH of F*t#ulina of Pi^fiikn or !I|ipcr 

fJarboaifurouB uge occurs among i.ho nryatiilliiiv nf the 

'Knob valley in Chlfcisl. Dntcmpe of Fimalina UrUMtone extend 
from Chitml into Russian Ttokeirtati, 

Haa*ra 

A* in fch© WHjtrm of Kashmir, the PaheoEok n^ound of 

lUmw 14 omfined to ftfprfcwtit&tivfcs of the Ppper Cm-bomferana 
and the Permian, On the upturned fcniiinakd edges of Pumna 
dates, t he oantvmporaries of Attock am I Uogrs fllatefl B 1 liere ci un us 
a hQuldtr-wntfltonfrak, the TanaUci boiddrr-bed, composed of 
faceted and striated bould^ set in n fitie tfilty matrix. Thia 
boulder hen l (tilhto), regarded a- tlm cuntemponry of t.fc TsIeJiir 
and Salt Rung* glacial conglomerate, is followed by * wide* of 
purple and speckled sandstones uml slink 1 *, the whole overlain by 
dobtritic limeHione^ t over 3#W feet irt thiukiie^, The limestone 
is compact and well bedded, of purple, grey and ore-mi colours; 
its weathering is very peculiar, giving rise to blocks with deeply 
inched cuts and grooves. The For k i^ wholly imlosaiUfttuua, buf 
from its intimate association in Kachan with the PunjaJ VoIcamG 
scries and the oowrnm of the glacial boulder-bed at its butt 
there is now little room for doubting its lappet C&rboniferotu* or 
Pm™ o-Carboniferous age. The? above Hazara sequence woh 
formerly regarded aj* probably Dovantal and mimed 11 Infm* 
Trias ri from its immediately underlying tho more conspicuous 

A w. t>. Wf«f. ,1^-n, O V./, fill, Ifcil, J. Ii. AmiIwj. JiV,-. vtiL Wl* 

pi t M*#* 

1 [1* 'IWr* P |'.ir*i'Aiji,^n win i#r i/JjVJU n K W« ^uh utul Kwnvk^rtim tlimahijfrti 
BwKiii. mi* 


CARBONUTOEOVS and PERMIAN fitmiBitf m 

Iriu.'. I jnicstmic of the- tjirbaii mouiilain, ri prominent mouDLuin 
near Ablmttahad (Fig. £(!,) 

Burma 

Wo have sero in Chapter VIII that i.hcr- ie m tTp)n)r Burma 
(Northern Shun States) ji <v informable p&owga of ilia Devonian 
aud Carbotilfet'ons to struts of the Ftonjui ugc in the great Jitoo 
stono formation constituting the upper part of what id known 
there as tho Plate*® limestone, (Se© also Fig, 1-7, p. MJl t ) Li 
the upper lied* of these limestones there is present u (himu 1 of 
braehiopoils, corals, polyr-oa, etc. which shows on the whole fairly 
close reffttiotw to the Produetofl limestone of Min Salt Range mid 
the Product us shujeu of the Spit! Himalayas and the Zcwun series 
of Kashmir From these idHnitiee t art ween the linmotnsial hi mm 

uf the Dido Burma region, Dr, Dinner, the author of many 
memoirs on the faunas, eons tilers all these regions ns belonging 
to the BJtmo jtoogwjgraphitNU province, their differences being 
ascribed to the accidents of environment, isolation through tem¬ 
porary harriers, and dtfwcnccs in the depth and the salinity of 
waters, etc, 



r dining Mmfys MfjM ((^uitirinii ti, 

St tuiH 2 ). *phc« (OrMdiaitl 

i NViitihink fj«l* 

i‘i I'Wciiu Jillm '-t-1 i-.i i J^v.tuikui A m\ 

4 , N n-ec^r !u*J* 

L* TOHbIjC, Air-Stl. OJfj. £i*Li!y pi. 2. 1UJS 

The PennO farikiiufemtis rocks of lltirnin contain two fanunini- 
feral limes Mur*, the f'HtuIinn limestone and the Sc&vagerina 
limestone, from the pn-pun be mi ire of tlu^o two genera of Car- 
Iwmi fern tin and Perm inn faraminiferH. 

nr. MARINE PERMO-CARBONIFEROUS OF THE 

peninsula 

An extraordinary OQBurraiftM I tits been recorded 5 at l.’marin, in 
Vimlhya Pradesh, of n lliin mid solitary band of murine Producing 

4 Anlhnal^hii Fmmrm isf ilir f»?nr licrrt i'ftfift jli - /iV--., i/Jf./, V-ul- I*.™, 

pi. i* lusta. 

# X. P. £fai* k Mint Trt( ft+rnmrx** ■'/ tfrtnJ rffilfr, p *-lr 11123 * 
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UmontciiMi in the miiM tjf freewater coal-bearing bed* flanging 
tu l1k> Btmiimr utage irf the Dumudn. aerie* (Lpwor ■ ondwonn 
ay*toun) T 

The? minini- iixtcrcdiitioix k only leu feet thick and mMSornuMf 
underlie* the? *imdstone and strata of normal Bamfitar facies, 
issEjMrsi d in a cutting in the Umnriti ood-field- It unroriformiihJv 
ovf.flitv the TdIuhit boulder InhL The tiimetitonB food k inmki tip 
entirely of tJw? fosnil nfadb «f /'rorfa^^ the only other finite 
present Ix'iug 5/iirt/epiJW and Jfic/itf tfftfriu. 

(Vnrper Rrml oernsidefcs the UihaHu fauna to ho quite looml un) 
im i ijno, h fi pwinp i io deur affin i t les w) I 1 1 t he- near- hy batt ■ IUng# 
jimjv tutv', bcit reither with the Himalayan iuid Rtiftuan Pejmo- 
Cirfcfmlfemurt province 

TJii * bed iriUHt bo r^arded m a solitary record of an evanescent 
trinisgmsltm of the yea-wut«£ into the heart of (ho peninsula, 
nit her from the north through Raj palana or from the west. 
wxiwt* induced by nuine iliiuslfofihif: nuxliri cation of the surface 
of the Littrf, which, however. muwi. have been of a transient nature 
And nunii luivt- ^oon to operate, 

tiEF'EHtCNCIlS 

H r H Hftvdru. liflutajz}' of >fnii. \ fnn . f.'XJ- mj, uwi, pt. L RHU- 
Karl I*/ /n-^-n. *ti-m XV, xnl. .. j.ii- P S m 3, 4 And' * (Ii»MUWJs 

/W. 5w?tv Scrim** ml. iii. EiHUXld IV. (101L): TOl- v muni. il. <11*1*5)- 

\\\ Urtfipnn, Fol fwtmi* Kitiaw XtJI. veil. i. pt- 1^7 fIK7V»-IH-Htr, f&dt' 
l-Lan^- F^mtilih wild! vfiL (v. pla. I and " tjaftklflajh 
r?. „N t lVrnn« f iirlMJiiifi'-nrtiH in Ihn Tertiary lane <if Kashmir Heiela- 

fftyrts, /f« 4 ft&lp vnt, Ixxn, P? T 

J. B. AUthtiii (Wil^ *ifi]ir Kfiil Belt. iHimta I Jin ml* vn, /frv- vnh 

l*v\L jit. f 1034 

C. L. CrknUchp Xdten oji f“nisiml ninmEi^ as; fisc. GJt.1. voh mvi. pt. f. 

10&3- 

A. B. Uyiu^r rf rim SuJi h.n^-i . V^«j- /. v*«L kiv_. 

E, It, C. K«k 1 + Mnnnr Kmmn from ihr- Unytrin Cc*lfle1fi; Rtr, voh 

i*, P i. a* m*. 



CHATTER XJI 

THE TJttABSrc SYHTElf 

Introduction—The iW tier.us tdiaJeH (Kuliutr syatrtzi) of tlin 
Himalayas and tins Ohitferu stage of tho i'ndmrhK limestone of 
tlie fiat t-Range an* itioceedcd by -i ntoro ot tMrnipJeto devcfoft- 
menl of the Triassio system, i’lio paaeage in both «Wc* u ipiito 
conformable mid even transit ion*]. no physical birnk in Ihe con¬ 
tinuity (tf d(rfw8it« being observable in the setpiurtco. The THtmsid 
system of I.Ihj Hituoluyad, both by rc^ou of irn etmmoiw devafop- 
merii in t hi- northerngaasyueLinaJ bouc ii» well as tJm wealth of ttn 
cuntaiiufk] fiiunaa, make* n consphnnm* landmark in the history 
of the Hlmsdnymt, The dlmnriniice of its eeplmiopod fan nit » 
huoIi that it has bi'oti tin* nn jins uf a somo? ebsaificatiort of tlw - vs 
tetu (Btoiiw ore group* (if strain of variable thickness, but iiis- 
tingukhocl by tile exclusive occurrence, nr predominance, of a 
particular specie*, the wmu being derigneUil by the mime of the 
specie*). In -Spiti, GarJiwni arid Kumnmi, nod on iho north-west 
extension uf the «um< mi* In Kashmir. tltu Trias it Min- a rfe- 
velupincnt of more than feel, cOAtitting three wcli-mnrkdl 
subdivide nr., corresponding respectively to t.lm Hunter, \fnechd- 
kaJk and Kfiijier uf Ijimrj*-. In 1 1 mint w* well in lithology 
tbi'crs k ,l remarkable aim I In rit.t uf llicit? U-tiMrii the Himalayan 
Trias and the Tritw of the Easton! AJ|«*. 

Other region* win iv the TVia* occurs, cither ■ nmpIcteJy dc- 
vcloped nr in sutneofiia divisions, me the Krtlt-Rnnije Baluchistan 
nm( Burma. In the Salt-li.-ingc the Triable sjutem is oon lined to 
the Lower Trias mid ifn- lower perl of the 51 if Idle Trias, wliffr in 
BaliirJiiritim nod Burma ii in ounifacd to the Upper Trii^icitfges 
ofili 1 . in (be two latter nirn* ir n^itmtSon argillaceous theies of 
sfiitlis tine] cl rites, whervii’ in tie- If irmiJnyjiri region the system 
i" entirely muijmsed of limes tune, ihthioiiU 1 * nntf rfiliviriym* 

shale*. 
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/Vine ipUii *j/ r^ r j--vi/pr/j Jioh of th* jroitiyittii t wr'i AV ii t tlw ftw ' vt 

enter the Me^tfoic pjnof goology. and befiifr we pruccid further or 
midit At iJiiJt ftlAgtf i-xiqtlirc Into the boau for tin uhk&aifidittion of the 
gMliDfiiBl re-Mfif into *yAt*nu and surfed ifcrtci oonaidm whether th* 
intomiptioM or ** bknka r+ In the eomso of the earth s huitoiy, wlm-h 
Luve led to the Croatian nfthe chief dlvM™, in the frr*t malumo hi 
some parts of the world, wm + nerc^rily trurld wide in I heir effect* 
and npplk'^y^ to uFI part.-' of tbs world- 

f n Kurijfje the ^logical record b divided into throo broad section* 
i-r Ltfnuj» the RaIbcoxoic, Ale^tfolc jidiI Csdr iokoic, representing three 
gj^,t era* jn iko history of the development of life on the carlh, each of 
which Ift separated from the om- overlying it by an easily perceptible 
and comparatively widespread physical l<m*k L «r “ iiiLcoutunuity 
Whether llie*v division-, m well marked .til l imlnniJ in Europe, whoiw 
they v-rr- firm retail iird, arc on well marked mid pm mi nil In the otbs 
nf th- w. t r|d 4 mill whether these three* wilh their subdiviAionfl, 
diould tte the fmidaioontjil |hffiodt of flartli hiKtoiy for tho whole world 
■ire buIjj^ ovilt which the opimon of geologic * *lmrply divided 
Id the geological rtytfwmia of India* as (h the other n gtnru* of thta earth, 
although the di4tmrtn>- imlm™ nf the iifguirir Tilstury of ihr Ihdnec- 
zoic, fllemgnic amI I'nhi-note urc tiff'll riy cvMi-nl ^ we ast^eod in tJie 
utrntigrajibie n ilu, wo cannot cteiert tlieahitxp brook i in. thn continuity 
nf that bvtorv at which otic groat lm?r. interval ends mid the next 
begin*, .Tiiftt jit tlicwe [mrt* the geological record appeare to bo quite* 
flOmtinuoDH in [Ditto, and any attempt at vt hng n brail would be u* 
arbitrary n* it wmikl be unnatural On the other hand, there me 
groat fntcmaptiirtiH nr 11 \mt Interval# 1 ' in the Indian record Wt 
oilier iiugr* i where the Kiirnfwan reiuril w quite continuous al wbiflb 
it In inn id) more naUEfuJ to dmw the lUvidiu^ liuea of itn prim: ij uii 
divi^juii- — the fjruuji*. Art wc have alnsfldy ?R^'d h ^ir 1\ II, HotlmLi] 
hue accumpliHhed tliie in bis aobfivmt nf the dawjflcatirjn of the 
Tdiliun fbimattonA. Tliougli HcneruJIy mlojiTed in India, nod 
suited to the rather ImfMrhirt rhccmirter uf tltn giyjftjgicaJ irtsml 
prfeflcrved In IruJirt. *uch a clft.^ilii’iiiion uiirt rsniPo-iclaiMin- may not l*i 
acixuplftblr to ^i cjki^nd.* who hokj that Uit) grand dlvkiorw <>f 
gwdogy an? ujiiver^uj and dpplicehl^ Lo ike whole world, Ttir mkject 
id diiHr.uJt to deckle one way or the ullier. bul far the uifonnaiiou of 
the fitmlrni the fulhw ing view, which flumnuirfofw the ncgnincjiU of the 
latter rlww ofgeolofdd# wtth mlmfrahk lucidity, it* given vtfkrtim from 
the work of l^iftv&oni T. C dmirilvtlfo ami R D Kulialiaryi 1 

u Wc believe that tfinrt in a imlurnl h^ln nf tlme tllvidon, Umt it ifl 
raei^rded drajuuicully In ihe pmfuijudpr ehouge# of the earths JiiMtory* 
mud that \Ia I i. in in i* wnrkl-wldr in it* n|iplhenhE1ily, It frt cxprOrtflOcl in 
iiUiTmidiima Of tin- wur^r «:if llie earth * bhftOry, It eau linnilly I 4 ?ke 

1 .Ir^TTMi^l Qfvjr'\ftf b Tol, m.> J v '.|^rJy IFcitury. 
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.ln-iiiiMl H -ti! |.h-.i| tM-rviJs, <wd tuiunnl Ih ,i|i|phn| with miitiitoncus to 
all mnrc giTtlttgh'al hbcLuri' i-- nMrMJiriJy nmfcninuLi. 1 *, But 

even a couth-moiiA hMory lius Ji* time* #md .n'o^'Iip, and thn |MiWtk/iL* 
of bMory are? Lite tu aural ba^ia far tt.n dhtifeirms- 

" In 0111: view, lilt: fuiiJninuiitft 3 basis for gtfdogic time-diviHinns I ills 
ita Beet in the heari uf the earth, Whenever the nr® ij undated *trt?Rje* 
wilhin the l^odf of tbrs wrtk mTtrmatnb it* vrfFerctivo rigidity* n readjust 
merit iMkt'm The detunuutivt- Tsmmisrut* begin, for n^*m 

prr vi-misty *vt forth, with 4 k depre-bthiu nf tin In jE of ihu 
iLr Likinw by wliiuli liudr ^aijnwfty !■■ Thn v pk util itucm Lai waEith 

are E^mepomibigJy withdrawei into thrui The effect of this ih juturtl- 
■ tdly UDivnnMiJ, And all oontijmfd:* Are fiffetrtcd m a Aamikr way und 
•untdbmrcmfly. dTiis is the reason whj, the elasaiimaiori of otto uon- 
linen t t* n\m Applinibh\ tn its larger feature, in another, though the 
cunti^iratiotj of nadt individmd modilir* the rautt of the 

change, &\* fur ^ that unimctu Is (Mucunwi Tin fnr-remldm; effect^ 
of aiirlj a wilh drawn! of thn wli have besot iinlioattxi repeAtodly in pre¬ 
ceding pages. KorcmoeE amoii^ the*’ effect is the profound influence 
exerted on the evolution of I hr tfhnll<n¥-water marine Jife p t ho most 
ronufant Uftd mlJftbb nf thr- mmn* ..t im*Teimtitiurk1a! rum 1 -Ltioit. 
krooni] only to thf* hi im|Hirramv h thr inilm-uve- on terrestrial lifts 
ikiruiigJi ibo caijiumuuiLH find that ocuitrul migration. 

Spring Man from the same drfbttmfJv r movement* am gfiJuruphtr! find 
topographic changes' ikfTootjng not only the land, but uIho the wn cur¬ 
rents. These changca iifFrer lha climate directly, ruid by uccrtunaing 
or retarding the chemiexd rkuwtma* b^'tw+^n rhi> byrltti* 

^lhenfc, And fltfrqgfflwCBt efftet the oyiifftitntioii of hotli air and «a r anil 
fbnfl Jralnt-ftly trihurnr-r the mYironnirnl nf lift 1 „ find thn nigh It, its 

evolution In Ihi^ liefurmativc movements, thrndbre H there jffitmn 

to us Uj Ejo ri imkTirnfll ajmlltifltifitiiH, unit ftrtvttltTtittfeiJ biuji for the 
fulxtivision of the i?anh's history- H is ^ the inorr effeohvi? And 
fipptir.s>k[e ;i iif^uuse it controls tlw progress ^kf Ufo p which fitnikh^ tlk^ 
most Available rriU'na for Applarfitirm sn detail to the varied mrk 
formatin ad rn «T the glfibc 

,p Tike main CBjUtandhig kpu^tkm relative Ui tin* da^aliidatiiirk i-4 
whetlirrr Uin grCAt detbmmtive inoTcm untfl art: [w’riodio rathir than cdse- 
ttmsuus, and co-operfitivo mil lit than compttiBatory. Tins van only 
be settled by eumprehetixive invcBtigation tJio world ovwr; hot the 
rapidly scruimiliitiug evidence of great Ijasc-levelling fffliukl*, whldi 
reiynire v^ent ial freedom from seriatw body defnntiatiini ah a iikHJrdaaiy 
muidibfmi, Hft* a tremihant IxMring on thn tpif^rimn Bo do the more 
fans k I in r evidence <jf ^re.il M'a tr»riagTT^k«tB. which may In-ait bi: inter - 
prfFted a cuh^^pitmc^ uf gAiiaral biw^lfivelliiig and t«uiicgmcnt wn- 
flLEiii 4 £ T ntiiifled by rimiiiMJital creep lUring a long fihigo of hndy 
quiesoenciv tt kb loo voriy to affinri, dpgmitEuaUv, thm dominant in 
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ih** liinLifv of Ule soft 1 1 Hfgiisrtli ili-fumiiif ivi: rrrrwi-menh. wipjiraUnl hy 
long IniiTVrtla uft-^nE^I quirt* 4iMr<.Mu1i?ti Uy |3] ^cdcveJHijjjf, \2j wu 

! i I i 1 1 ■ l f , | -1 f^nil Uti'itirkl ■ r i - J • ,H'i .. * 'i r i r V’i'nn* 

little propknrir lrmifm to sec n piriWlik- Hctnnmtmtinn it. us Hte near 
future, Siil>iinfinAfi r fi> thr^e qnmdtr feature* nf hirUnriml progrra*, 

iJusn? nnt inmiitimUle minor onw + *nnir nf which if]*>** In bi* rbjlh- 
jnkal and and kilims im^iilar and hrndAicfblp to nrdcr. 

Tbttifl jjrtH. ii rkn to the local epochs imd episodes uf SMih-foiidory* for 
which strict intercom iuenLd corrHutfcm cannot be hop'd, and win eh 
mufif bo pqdertod in the ftPiieral history os but the u^jvidi»J*tie& of 
thn ran rnt-i proviner* 

“The period* whirh have Ntsti reotvgnjEfvl in t PalarfHCOitt nuti 
Mc^j/jin . vhkslly -hi this bti^L* *if Krmjj»-4N and American phehouavriti, 
-f=cpu in ilp iikoly to *uud fur iIil- whole uurldp with mdk emendation* 
nrt nhml] Minif iriLli wiilrning kabwkdgfl- 

Trios of Spill 

The Triable system of Spiti—Trinsaic rpcka are developed along 
tint whole northern boundary of the [IininlnjiH, constituting the 
geat euarpc of ihe plateau of Tikt, bat nowhere on such a scale 
of perfection a* in Spiti and the adjoining provinces of Gurhwol 
nnd Kumnon. (See Fign, 14* 13^ mid 25. \ A perfect notil ion of 
thetie rocks* sh owing tho relath ma of th e Trias to t he system* Mow 
and above it. k iTipOscd at tilling eel Spiti, From tliis dmirn- 
a toner the term FJfong hr used ns a syimu ym for the 

Trfassie system of Spiti. 

Tho orrmpmienl wa iti tiers of the system are principally dark- 
coloured limortonoa anil dolomites, with intercalations of bluo- 
coloured shales. The colour and texture, fiesliles (he wHbfe aspect 
oftheiim&itontaf, remain nMifor.ui over jumrmutfc distance* wit bout 
skewing local YEirinhom "ITiSs is a proof uf their origin in rhe 
nlejir deep waters of the sen free from all terrigenous 8edirmmti 
The rucks nre richly fossil i ft-rosi^ he. all horizon tt, ji cireiiintdancs 
whidi permits of the ilntaikd da^ificatkih of lira extern into 
stages and tunes. Tho prmimy di vision of thn» Himalayan Trias 
is into three aerira, of very unequal dimermicuwi, irliieh. m far 
they denote ifitutwal^ Enf time, are I lie hnmolafW eipilvalenl^ of 
the Buiitor* ATttwhelkaLk and Keupir nerie 1 * of the I’lEinLjwaii 
lAlpine] Trias. Tile fullowhig nation from Th, Hayden's Mrmmr 
gives a ulnar idea of tlio ultb^ifkntjon of the nyrtteni 

■ Gmbkw of spki -t/tou fJ-S.L ml, kim pt |, p, H0h 


the rmAmic systkm 
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Jurassic: UHuictie ■'| lj> pr/AWna Hmtfltiirtii 1 . 


QutLrtxJti ^ with j-^mlr-Jl :uLiJ titlin'toil JArmt, 
Sjitriyr.rit. 

M&noHs slink "r Mindy nnd ihuly llnifsstoiift. 
fYirul lirrLo^fonp. 

./mmttjiv* bed*: ^milfliani^^iiidptH unr! hmtfltonua. 
^ fitvpiYr* Ik-dh. itutmiiitk iWf^Uinr mid 
0f*y thak*: filmly fiinmttitie and «hnle4 willi 
tfpiVi/rrjVj, , lYlkilyfcnKi, eke. 

I lidbAto bedii^ lifted ilnrk llmtuitotie with Hrilnhut, 
ArrMl/A, f’tc, 

f Imlentoin*- tii-m black 1(diih^ with 

whnlra, f kitrrit tlu^ PtyeAito4 n 
t Uro^iunu witJi i^i]n rt (jiMi^ 

drry iimruCaMr^ with * '-*mfiiV\ 8ihifitr* i 
I Nodular till test* iiir -iNifi Uiu^tuEif-). 
r \^NJuFnr limr-Htoru- 

Idiuefftnm- iirid dim jo with -JnV ufojMrh ft* 

Btidt nxtfvsm vi imw. 

Mfckwrrti .1 5tntn-„ 1 i mruhiul. 

Ophwm* tim p, O. mkftniqfa, 

Otgcffn# jofio, inrafiarnti. 


[ WhlCtU* hhftl^ 

Triadic fauna—Thr Lower lYion is Thin in comparison with the 
other two divisions of th^ sysk'ni, and rests conformably on the 
top of the Fmcluctus ttbules, The rode? ftp? oompo*ed of dark- 
on JpiimJ shako and limestonefi, witli nn abundant ammonite 
fn n n a + Best* Jpa t hose men ti on id in f ho sect ion above, t he? follow ■ 
inp gour-m are important: TiroIiU** CrrvlitrA, B$nnbiteA t Ffam- 
itvjiiw, StrphaniteA, with Fvewlomonotiv, Spiriftr¬ 

im, imd Kttzki. 

The middle rihi&bn m thicker and lnrgnly onwto up of concre¬ 
tionary UmoaUm&i Thh division b also widespread sad capable 
of detallwl rabdtHflkrn Into ntugi 1 * nrsd zone** which preserve a 
uniform cliamrlor, boih fa link tic nifcd nthotoginti]. over Spiti, 
Palukhatufa, Bjana and JnfiAr Tbi* division jk^«^?cs a groat 
pa^eontobgicjJ intcrtut because nf the rich Mtu^riknlk fauna It 
contain^ resembling In many p^pecis the Mn^hrclfcaJ-k oft be Alps. 
Tlir iip|irr Mnnehelkalk ta cap^iully iwicd for lb* number and 
virhsty its cephalopod fomU} it forms tucked Eke richrwl end 


EftUfier 

*$W ft. 


Mtisch^lkalk 

400 ft. 


Bun ter 

m> n. 


Permian: 
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mo«t whMy spread horizon in ctiu central itrtd WAV, Hima¬ 
laya It is rap^d hy the- l Mink of DwnrU* 

limestones and slate*! The those typical fatsi! Wrap ** the 
Iren lift f Vrflfif*:# ; bceld^ft if ftir’ the other deplifllopcrfl 
Trrt^Afjwmfffc Xrnmjn^. MtfllophjfUih'-Vi Ot/mti*?*'•*, Hturui, Pr&- 
tn ZWnmiWfw, 
iiuddhmi^, Smttihi* (sp. 

iVjfpw^jwwfl^Viw and CWfosffiv* Thu braehiopodi Aft? ^/nr^frrttua 
nnd+S^itri^vTa; /Wwtf/fl und leading Jumel libra rich*. 



Yin. C/i -Sfir lion i\f Iti* triftft ^ Sjnitj. 

L .^‘mMiiii ^liiiJut nVnnifriu. ■ Huu i i-:k?ilk :i*mw|iiijlV 

2 . tx 3 wcf TOiM. 4 . Mumrlii Ek’ill; tuppw jsmtO« 

HaviUti, Mtm. G.S / rr vt-r, XXXYL pi, 1* 

The upjwmoat division of thfl Trion is by far the thickest, and 
w oompoMcl of two well marked divkhm* —iliirk dailies and m&rl 
bed* in the lower part, *nd thick gwij coloiirod limestone nod 
dolomite in the u|»j>ef F with an obiuidatit etfphfttopod fhuiiifi. whose 
di.stri hution often cfmrtieten^ well-marked stones. Tho toWDT of 
the two divisions ooiroaponds to the ramie arid Norio stages of 
the A 3 p! no Trine P while the uniform mass of 3 i meat ones overlying 
it probably represent** ifm RhnotJe of the Alp* fef r Kioto UmifStoiHV 
p. i^O}. 
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The fauniMjc nwin blunt*’ bejfriwj) ihv J’rtftssic rucks of I ho 
Himalaya* and Atpti hhjC^wU ojjen -uni criiumuriionnoii jiuriitittiiiAd 
by the Ttotbys betwocm tbest? two aimm &ino« the beginning of the 
Permian, This wi provided 41 free channel of migration nod iiiu?r- 
commtmJcatinri Mwkph the marine inhnhitiifiLti of the central 
srono of tfaft earth from the Akvliu^rmncmi shores of Franca to rho 
eastern bortluru of t l hicui a and moint^iawd fJiie waterway up to tiio 
beginning of the JtkHHme period* The coromonoat foraii* are again 1 
(Ammonites) Jpnnnit*#. Ihtloritts, Tfmhjt&rsuu Tropic Jumvilcs* 
SagmiUr** Sirinifcv* Uungarites, Gymnitti*, F(yr_htf&s m ChitdkuAittA* 
Larmdli brunch* are also numerous: the most com 113only occurring 
fama are Litna, Daonetfo, //oJb&ta, Mtg&b&Ofr* AfvnvH*, P&ctetn, 
A nr rrf/i , Corhi*< Mfrfiola, Mr/iihn f, /JomOtnpU . PhtfFcm tjft, with 
the addition of f he 11terrain. gcuem B&di&tb r * anil tiphatrulito* of 
the Hudixfow family of the I ivmelh branch^ The bmchiopoda ate 
vary few. both as regard# number mul theirgenericdistribution, 
being ranhnocf to Spiti/ttina f Hhvrwhvutlfa, ami their 

allied forma. 

The Ttmutic fauna ahowa a marked advance on the fauna of the 
ftodtnto limretoiie. The most predominant element of tho for- 
nif?r in cephabpocb. while that of the hit ter was br&chiopocls. 
TIilh va the most noteworthy difFercnce, and atgiirtli^ the extinc¬ 
tion of largo numbers of liwtbiapad families during the interval. 
The bmchiupods can be saw I to on 1 or on their decline after the 
end of the Fulricmzmcs e m. a decline which ha* steal Lily persisted 
up Eo the present., \ hiring the Mesozoic era the bra,i'hii>pod£ wen? 
represented by three or four genera like Ttrtbrahikj. RhynrJi&n&lld k 
$piriffennn + cfcc, Tho place of the hr&chinjioda i* hik<=n by lho 
I arnel libra neb*. which have greatly hawn^d in geiieru Lind Aperies. 
The cephalopoda, the most highly organised member* i>r the lover- 
Eobrata, will henceforth occupy a plume of leading importance 
aitmng the fauna of the suces-oilmg MtwOKoic ayvfznns- 
11 Exotic FT Trias of Malla Johor and Chitichuu—Larsfi blocks ami 
mos^e# of Trias limiatom 1 of all m## up to mounbunotifc ihms» 
arc found lying in confut'd *ki»NjpropklG disorder, over various 
Mesti ml* fommiinn*, at ibv nbove locnlitfrH on the Tibetan larder 
of Kiiimum, The litholr^iml m well ns Fossil facies of these 
blouJcK {* quite different from any known in the Himalaya and is 
evident ly ” foreign le ing allied to the Trio# of the Eastern Alps. 
Thew Trifl^ic lim^tonc hUwks are mixed up with hUwks of foreign 
Permian, Juraseic and f!i^toeeoue tiniCHtoiii^. ft is quite 07sd^nt 
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tliiii thtw MrvfiiMiie inck- 1 *Utw«*> «" iud in (lmir original *ttu uf 
dcpusitmii, hnE ,m- I filly ejcutle mnl have, been irsnaptirtetl from 
a distant Locality by im agrttny thatfenet yet certainly eatafalialwd 
(filmtteriftg by tctploeiw volcanic wrtlori mid transputt by bt'-'ft- 
tbtms. or ;m overtlimst filtwt from n iwrtkujn region severed by 
denudation into di'tniihKl marac*), 1 IT is subject Is iliBiititiMtl 
again on fj, U72 in eounwHinn with the rxoiir. Cretiuvoiia of the 
«unc region in Kitfiimm. 

Hazara jihe Sirban Mountain ) 

The Trifle hi Fimdl in Hazara occupying a ftiiriy large area in the 
AaUth and «iiith-ea»t district a pf thia province, resting on the pns- 
stmwd iVriim-f 'arhunift-mn* ht*-- of -Winn nn. underlain by a 
glacial conglomerate, which atm formerly referred to as the 
Infra-Trias. The Trlsumic system of Hamm eomiMa, at l be base, 
of alamt 100 ft»n of feliltic nr devi trifled arid [map of rhyolitic 
compositinn. HUcwWfri by a thick formation of rut her poorly 
dwtailifcn'iia limettofie, in which the chpiracteriaiiit Upper Triasaio 
fbwils of tin' other Himalayan arena are prewnL The Lower and 
Middle Triu.' are iitiw’Ht from Hazara, Tile limoatouC is thickly 
bedded, of a grey colour, sometimes with on oolitic structure, 
ha tbicknePr vnriett from SOW to 12(M) feet. Thcso rocks fiirm the 
tjo^o of fi nearly ix'tnpletc Mepezoin Ke/juom‘<' in Have urn, which 
though considerably thinner, in similar in ntnut reupccta to that 
of tbp geosymlitial mne of the Northern Himalayas, !-■■ typically 
(Hqilnywl in the sent inns in the Spiti Valley om! in UmbIwi. 


n.w. jn *,r 



Fill. 2fl.- I>1 ilLTi nivrmi l~t ‘wiiL't-Um Cit Ml. Sji tmyrt. ILn JJif ii. 

h Wnic tfrtfth *, Trim*. 

2. Ptrftiao 'Cnl txth.iirr*T-mij_, 4, Jt£fiudii' r ClTiTiW*^ h LM- 

Aftiw MriHtolftJM, VmfflV* Qitiitifkfff t}f JWiiJ, vol, JC1TI. 

Mt- Sirban—A locality fausoiiis for gcetngiml Motions in Hiwart 
in Ut-Sirlinii, t% lofty hill lyin^ to the sntith of Ahhottnhrul. Most 
of t lie - fnttiiaitiann i>f R;i//+rrv are csrpo.^I wit h wiwlerful tf learnt 
of tit-mil iri ft number of sections along it* siJo^ Figs- #n(3 
2T) a in which one rain truce the whoJe *tn*t|£nipbfe sequence from 

1 A, ftp tin him! A OsflMHr, C«iil rid H imihLhbBH Z ujk L_ 3 MT. 
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the j of Lhpj IVtrriu* i 'in IwtuifnrrHM r-i the Xiimnnjlftte liiiii^i.-nr* 
Tbo wi'lioim mveiLh'd in tliin lull epituinfM* in fact flu* gi ving? ofn 
Jurgt? part of flit- North-West HinyiUv i 1 

On th& south bunier oF Hny^ra, 
in the KuJii f'hiun hill* of Attack ^ 
district, jkutUj drip* of Tri&n 
Limestone (Kioto or Atcyahufati 
liuwftonh) Am laid linn* in x 
wriw nf denuded l^udiiml foil In 
of tin- Nimimulitic liiiieJitones 
which constitute these hill-iuii^sb^ 

The Trias of the Sait-Range 
The Ccratite beds—The Trio* 

L* dovdnp-d, though gtrwlly ra 
dntffid in xtA proportions., in iiw 
wfwtrrti jmrt of tin? Sri It Range, 

The outcrop of the *y*Tem rtuu- 
mencra from the neigh tawihtxd 
of I lit- Cbwlimi hills, mid them** 

Mite westward up to a great 
chairmen I eyelid the Indm. It 
ottpB the underlying Fmdiietiis 
limestone (CSiidem beds), and m- 

oun punier it along o great length 
of tile Range tmtil the disappear* 
once of tho latter beyirod Kalu- 
Imgb nnd the Shckh Budin hills. 

The Triasair roekf of the Salt- 
Range proper comprise only tho 
Ljffer Trias mar! a small part of 
the Middle Trine in art mil atrato 
pnphie range, but tlieac hetrixonti 
nm eornplo-tety developed, and 
thej inrinde all t ho cephaiojiad^ 
iftfiat worked nut in the oorrod- 
ponding divkium of the Bpiti 
wHion. In the trainsIndus Salt- 
Range the complete Triadic se- ^ 
queue* la developed > including 
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tlir Upper Trifle. lira win ill! *i*«'*il WlHf *l"«* «* )! *“ vml!i: " 1 
ns tent On nticitin 1 "1 'hi- .ilmudimiw of l>ra luiuuoiute 

genu* CemttiM the Lower Trijw* uflht* Salt-Rung® i» known a* the 
f Vmtffti frfrfff. The Tories ciinpriwns: (bam areAbout uliundnxJ fwt. 
of thin flaggy Imiwton®, v Inch overlie < he < hitlrm stage ^uiU- ««fi- 
ftimuihly, from which idm rbt-v ura inditttingiiMwbltf litkiiogfOAlIy, 
OvorlviNj; I*hI* fittr grry IlnlisloiMis Attfl iitari-H, solulu flt plum. 
Beffldo® Crnitiits, w hich in the leading fewflfl. tbn Other innniomtcfl 
ino Hi/rftik*, Gtfrmik*, Fkminffitr^, K wins hi is*, Pn&iwlfittu*, etc. 
Fossil shells arc found in large n umber* in the mflriy strata. of 
which the nfiTnmnn genera lira Cnrdinia, tJrrriltia, Rkywhontiia 
anil Tembmtxto A very curious fossil in the (’erntite 1 h* 1» ia a 
Udlertiphon «r the genus S(rtrh<lln. ibe Inst survivor of the well- 
known Pftlflwiuiii gunfraij tfn j, 1 he ( t:ru( itu tioh af* jittBCMtiud by 

About 100 to 200 feet of'Middle Trias fJSiiHtlidlutlkj, composed of 
sandstones, crinoidu! lime-stonD und dfllomitet fall of wpliiluimii*, 
whole distribution characterises jioira* Minding to the lower 

I sort, ion of the Middle 'lYias of Spiti and Kashmir. Some of the 
clearest sections of tlifxHi and younger Mesozoic funuat ion.* ahj to 
be seen in the gullies rind nullahs of tho t'hideni ikilU nf the range. 
Thera in a deep ravine near Musa Kind, the Mammal gorge, which 
has dissected the whole breadt h of the in min tain from Xanunul to 
Musa Kholt and the section laid bare tit ita precipices comprehcndf* 



SH'lrtll* 


Kj i,. 2B..—Sftttkm lltftiLLflh 1l«« ffc»kh JSnvJtio tram llu*n Khrl NtnTmmT 
•Itaul iiAliirmE 3 Jni j fi¥» ■ I wtiEr.. 
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the Gratified nscord from the Perm inn to thv Pliocene, with hut 
few interrupt ion* nr gAp& As one walftF along tho jetton to tho 
head of the gorge, one pasaefl In review Lho nxk-rcconts of every 
succeeding ape from the Products* limestone, through the rcipre- 
sfmtaUvwr nf the Tria*. .Turner Eocene tmd Miocene. with nt the 
very top tho Upper Siwalik boiildeMnng3nmorates. 

After the Middle Trias I,here conn 3 * n pap in tho continuity ot 
Tlie Salt-Ktnge deposit. indicating i* tempojuty withdrawal of the 
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fitmi tiliH anm. Thin cmsAtiini of im eondidniip ha* pro¬ 
duced 0 blank in it^ g(->Jogical history eovariiig the Upper Triad 
and the early part <jf the Jiirasafo peril d. 

Baluchistan 

In the Quetta and Zhob dir trieta of JTcjr^li Ik Ju chin tan. ffuterropt 
uf Trbuaio ™kft P appearing m inlier* in tlm Anticline* of thr more 
wujffcpruid Liflfl developnem, an? mark'd by the txdurivc juc- 
TftietMw- of the wppcrmofrt Triu^la r stage, no ; train 

rofhrable iu the Lower and Middle Trios bring fmmd in thi^ 
pmvmm. The? rooks an - -tovcml llmu^nd fret of chides arid a latest 
with a fee intcri-alatioiii of Jmit^tonr. They contain the Upper 
Trii^ of and n lew Himnuiiilcu like /AVfyznitor, 

f/cilarita*. 

The Tri*n of Jkluulustpuri n,Ete unoonformably on an older 
J^flf^«ffwjr-ln , '4riiig liiiiL^Mjie. enclm-mg a fonimirtifnral limestone, 
Fuittslina Unmum*, of tVrnnetVrrhutrifermjj- agr, 

Bm 

A very MmrF'ir diHnlupmenfc of the Triu^it ayutefn, also m- 
Atrfoted to the Ujipcmu^t (HFim«fir or None) horisinn, nemr* in 
tho ArrrkiMi YYunii of Htiii mi Phi’ fuftfik are a forw ammonikK 
and lame] 3 i branchy of which HatMti und Mortis are the moist 
common. 

The only hnmui ocimncnce of i-mv-t Triatirie rocks and fossils 
in Burma lvunniwirlcd by 5f. H. Sahni at. Na-hkum in, the Northern 
Shan gtato^ Among the genera represented (in? OjpAicrrtf^ 
JitfcfltttYfV /frnjppnowifr^ AWi-mp/uV, Ffoty/rtratf, L§Mpp2h R etc. 

Thr fininr* in of shallow-water facie*, ammimtetii forming thr 
doriLLimiit element, white the iraleureous brachlbpods ure entirety 
i ? ;-.i i nL It therefore presents \i striking nmtrnsf to die Burin-esr 
anthnu-ojiihio Faunas in which calm reman bnichiopod# predotnm- 
ale and rtmmonites aro absent. With tho e^ceptfmiP of a few 
fragment* of Upper Trias ammonltct* from the Burmo-Siamese 
frontier nod ?i Turanian species From I Uteri Island, the Xn -hkam 
Ftntna contains the only ammonite* m far known from Burma. 

Napeng series—Also, what \.w known as the Xhpang hfwln occur 
in a number of scattered modi outcrops in the Northern Shan 
&lair*_ (^c*o Big. p. 231 .) The beds arc composed of highly 
argilfiioeniiK, yeUtiVT’iioliJiirotl sfidlt-^ and marls, with a few nodular 
limestone strata. Tim fr^dk itra Avintla am for (a. Myophoria, 
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atrvith, pnxmwsr, MMupti,, 0&xardi*p>. ew. 

Although soul® of these are survivala of fWiico-ioic gcnora, the 
other fossils leave no doubt of tt» Triasirio ago <d Ltmi strain, wfulo 
(he specific relations nt t.lir Inttor genera «t#*L a Wiaetio ago. 

Kashmir 

Aa fe generally the ow with $ft "dew Mf &**#*> tll0 t *>- 
vdonintmt of the Trisa in Kashmir t* muola th« eanw stnie a* 
in Spiti, if indeed not on ft larger senlu. A thick series of com pact 
bloc UmwtonD, slates and dolomite U e,.!ifl[rientmsly displayed in 
tuanv of the hill? bordering the valley to I hr mirth, while • ’'«> 
have entered largely mto the structure of the higher parts of the 
Hind Lid nr. Chirms and TIM valleys and u( the mirth-«at Dants 
of the Pir I’Anjal i p. m) 'Hie Triwrf Kwlmiir, in common with 
tlte whole length of the North HmiakyiL- from ih« Pamirs to 
NfijiaL is on a scale of great magnitude, although bftcntw of its 
Intik of richness in fossils, compared with flu* Trio* of Splti, the 
Bvstem has not been nulHiivided touilly t*i the same ex ton l as tho 
I utter. A siifMirb dovelojmiont of liBit^*W»ues and dolomites of ibis 
system is exhibited in u series of picturesque ^oar[inventd and 
cUHs forming the Issst part of the scenery north of the .1 hcliltts. 
Tho Trios nltains groat dimeucionsfarther north in the upper fafnd, 
Lidur ivinl Warilwao valleys, mid again in Gorais, TiM and rentrsl 
Ladakh, Ihcncc extending as far as the Karakoram and tin#' 
/hit limn: plains. Another locality for the derelopiiwnt of the 
Trias, principally boluniimg to its upper division, is the Pir Paftjal. 

itlaH It iH tin* youngest constituent Ttmk-group. napping 
volcanic lwds over the whole stretch of the range from beyond 
the Jbdum to Kkhtwar. A great part of the Trin^iir on _the 
north-ca-t flanks, however, is obscured under Inter formations 
mu i'!i aa the Karen 1 mt nml ilsD rains debris. 

Lithology—Limeslonr* are liie principal components of this 
srstem. The rocks lire of a tighl blue or grey tint com pact and 
homogeneous, and sometimes doloniit sc in composition, 'l hey 
are thin-bedded in the lower part of tho system, with frequent 
inter*: ret i Real ion* of blank sandy mul calcareous shales, hot 
towards the top they bo coma one mouotojioiisly uniform group w 
thickly bedded limestones. They compose a very picturesque 
feattire of the livndacii |s'*. notiwablo from all parts of tho country 
by the light ooloratioo of their outcrops and their graceful iong 

1 Alnri fij-ij. nm, pi. Dili 
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Dfi«i umliifutiHK fnjifo, iiHf-rsperW'l with nii ^ of do**- pUgutikm 
Anil invwsiOiift, both til which chur&ctttristiiefi hrinu Ifmui out in 



relief iipiittdt tile (JarL-tfflliiijrwl, craggy tavu* a ml 4tte* of 
the underlying Fftnjub. Niunsroui ipling* of ftftfh wnt< i- Harae 
fnmt the cliffs mid {nnmini'iirej nf I tn 1 lirafsIoitM n! llie south* 
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ms , ctjtJ «f lliM vajlov, tuhl form the «>nra* «f the -llielum; t.lie 
Ih-st known <»f lliewnie tl» river-like fmtntaiiu of Aehabal wid 
V'cnuig hjb! tin! tnuJUtudliiouH spring of Animtmsr mid Bhuwmv 
H® |nvvt>r mill middle factions of the system are rich in fossils, the 

HhuncJithi.r Hie < Vphajopodu mid the peculiarities of their 

vcfljriil rAiigv in the strain bdng the moans of ft fairly detailed 
Mod clHisHtfiea&OEL of the system, Jill I he zones of which are re Is Led 
to t<he onrros|KiJididg owes uf Sjiiti. The upper division of ihe 
Triii' w largely horn-u offbsuiJa Tlie following aucceealom of the 
Trlawric utmtu nifty lie taken as typical: 


Upper Trias. 

[Hmny Uioonnml 
feet tliiuk,] 


Middle Triis. 

(About flfpfc) it) 


Lower Trrns, 
(Over m ft.) 


[ ’Qfi*aaftrou& iTiii>Bivp limestone with omiutotl*! 

ixrraiR and nrinnu^ CnlHvMpkylUn 
Spiri/frtRfi Jfirnrhs tfi ami 8. kum imM6»« 
I^inpIlihfnJlnh hecL. 

PfipAittx horEKHi; mwty sbnliw with faU-jur-ori* 
Jftytnv 

Crtitiii* bn In: iV . 1P N m 

Bh*twhtUU'lbt Irinodoti It m 

Gijmnitef and Ctmitie twcU : 

Lower iiodulur timeita-iro flisd aim leu 
Imer Wiled thin Ihrm stout*. thick black ib*b* 
mid sandy ljm$s£&m. 

Itunynril hi shslrn {pofdjtion. i m certain)- 
JfcrkfK*™* timtutonf* nri'i ahales. 

Ophivunu Jimes-toni* 

Qtottnu bad* ^ >“n jit a frw kxtditie# atdy), 


Lover Trios At ill the Permian lovalltii- referred to ari j**gps 
Sti-jUtt the Zuwnn aerliw hUuw* a fiouftimuibfe passage upwiid* 
into fi -err& .if llim^toro strain, which in their fi«.vtil lunnionifoa 
nro the eitnct pnmEFek of ibo C^WUfwd JLvX^ru** Suomi of 
Spill, The Gtormtt Jiutto rs iveogm^l in I hr Siiuf raJI&y, at tin? 
bftw of the Lower Trifle, euricmaly utiiitamirig *ome PhWwtffiw. 
a Eumviftl from the PiUnwwrfo. Then* in turn jmm upwards* 
after l ho istarrentum of n n-hnly zma (the Jfmg&riteA wm), into 
the grant ffudQHffiOD of Middle Trinsaio limoatonoB and eha1«**. 
The best nectiiajiA of the Lower Tn^ are lbc*v laid Imre at Pasta 
nab nnrl at bum, two places on the eastern border of the Villi 
filirtriet, though tho peetioriij an? somewhat obscured W jungle- 
gniwth- Fowii ummooitos ore Xrowfita*# (huyi-ji s]peoiee)* «*»- 
ri*™ t OpAi.v™ {Oa jdbtwtdb nwl five other epodeft), FUm*n#iU*> 
YithnuiU*, Hunwritr*. MtrAocrrfiA, SibiriU^ and o new litemi* of 
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ammonite, KmftminU*. OfJit-r oephafopotfe jiit Ortkotems mid 
Gtyphixtra *; ilir LimrtUibrnrujh. iWudomwtafU. ^ a type form. 

Middle Trias S?ri ion- of !,h«- MuliJIr- Trian, or Musette lka&, *tv 

rbible At tnnny {Mints in Vihi,, < t r. at Punt.. fvhmr ajitl 

Klnmruii. aixtve. PkUgtun in the Uilnr, mid in some of the trihutnry 
valley* of lilt* Upper Sind The limestone* nr this part of the 
Trfesatt ttWitu frequently interbcdihil with febolrw. Ifio latter being 
ufUm bliiefc mid httsuu^xw. The Miiednilludk luis yfeOded n very 
ifiYcralfcd fnittm of rephiilupods iiutlHtftig the very high degree 
of spot-in I bullion rwx-htKl by this dusa of jUtinuiK pfiriirubuiv the 
order uf the nmntonitA- The relation* of the typos are 

in nil fespeeta like those of the other parte of (ho liinuifeya*. 

The Mnsuhelkali fauna -Tin* pmioJ|>nl forms of the MtiwJid- 
katk fiinnii nf K-thmir mi* fsist^n spedas), Itnngarit**, 

Bibitit**. dittn. fin ucormte , Ptythit™ , %«m‘M |*pp. aaubtm . 

rawntew ujul other species). BvtidkaiUa. |'he ti ni r.iltiideii urn 
fitfrin>j'*S‘<i niilu-*. (injpheecfttit, Pnnintiuti(m h Orthat£ms The Ism* 
diibraiteh yetiera are Uyojyfwriii. JWinifl, Isomin _J whmto 
phma\ the bfadiiojKkJi. are Spirifrrim rtrnthnp- TKtlama met 
Rh<tn<-)«>iu'ihi , the gtisimjKKb an- represented by a n podia of 
£utmjihiitns and the aberrant genus Convfaria. 

Upper Trias—Thu MuididWk i- succeeded, in nil the rt bo ve¬ 
rm ted localities, by nn tmormom dcrnlnpmout of i;lie Upper 
Thawirr stmt a F which arc mostly rmfossilifcnni^ hut for a mna of 
, IiiTit |h Jlaij[ iiddt l i iieliI bniHiiupuddx'Anni: bnjs iududixi in 
the (owr>r part. An Upper Triiuuajc nrijiuadu lhii< is widely 
distributed in mu fame hcitpH clothing tlm X. E» scopes of i,bt a Pir 
i’nnjnl, Ipii t for tlir? greutar put thr for nui turn in jiti unvarying 
maq^don of thick mossivo unfits! Jifomuj* limestone. It is this 
limestone wfiicii build* the ran ga of high hills find precipices so 
roDspiciinup by tlirlr colouring hi tho Vihi and tha f* (a nan had 
dirttricts. 

A broad uml confinnoiDe of barrel^ and Heu'Ic gr ny, 
Upper TVias dolomites mid limcflEOiins strotches from nortii of 
PjiilgaiiK throiiiiii t he tioad watcrs of thf 1 Siruh to beyond (Jurais. 
At the Utter locality l he KEflbeng^o^rirothtis exiai cued through 
this llmcfltono h broad TJ-sh*poi1 vidloy limiiKhn! on both sides by 
joj iropOAiiji 4 lirie> «f prt/clplees tuwi-riug lOOM to Oskw) ti?er Above 
the flan Ixitlom. Thf Lu^it jirid Middle Triiiw Jire 

wriffling h i G ureJs, tile Upper of dir l^tnjal I nip -diowing u 

cnufonijiiUe pu-iMric 1 -' iiiio tJn? Upj^'i Ti Ijik. To I (fid ihr 3uii rr |mrt 
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of the Trill* in scantily developed in t he- south slop** of thu i iiUfiV- 
Near Bulial tlte Upper Trias fume tin mamtoin* ^iiToimdmg 
Kolnboi (17,709 foot) ftnd exhibits n great deni <>t complin tolding. 
In sumc of the major synclinal fleWlw of tj 1 * between. 

BalUl and £oji l-n, it i& probable that Jurassic of S- 1 '** '* 

Ltwer Oolite age are eogiwed, eonl-iiulng iv few badly prwMrred. 
ammonite mid bckmnitc*. The group of Am«i*tL y**b* 
(17.S0 < 0 feet) with lha altered caves on il^ nouiFi ilui.nk m ■ 'mrpn**'d 
nf Upper Triiif limestone nnd dolomite, «.t «Jim- plaor* iiltored U) 

" Xjjo Triable limoabonB ha« famisln'd 'in abundant building 
material to tbu architects of ancient Kashmir in flits building nf 
tJieir great temples mi edifices, including tJm Caraon* nhnii* of 

MiubmcL . . _ 

Relation of the Kashmir and Spiti pKmucfis during the Upper 
Trias—The fauna of thf- Upper Trisa is 'lUitn poor in I'omjHUbioii 
to that of 1 lie Lower nnd Middle dirataw, Cephalopoda are 
H | n „ M ( absent. The few famtdUbranolia include Myophtwi*. 
(ItrriUitt, PvtudoMonoti*. Limn, Petttu, Pleurapham, Tfigomd^- 
The bruebiopods ere Hpirifmm haurri, Diifavma, Rhtfritfwnrltn 
Ctthimophiftlia U a conmnm coral; crineids; Mamptnufla, etc, 
Tito rarity of the zone focalls and l)aimrltn, nnd the elnu^r 

Complete absence in. Kashmir of the ccphabpods That an* 
mimerotui and highly diversified in the Sspifi Upper Trias, suggest 
some nuddeii and ofleotivo interruption in the free inter course ami 
mfer.iiliiiia of - Hint bad oxieted between the sons of thf- two 
arvaa far such long ages* Th* Intereouno appeara to have been 
partly re-esUblluhtd during the JurasMC, though nor nn the former 
4 ('ali* for the fauna of the later uge« that- Ilia been discovered in 
Kqriiitiir up to now, k <{ulte scant y and impoverished m coin pari- 
wn\ u 1 [tli Mil* fcjiili faunn, 

EEFXKmOEX 

K»H hl-JiiT, Triih* «'F Ulr Himnlnywjt- \lrnu VOL sajrvi, p!^ 3. S f M^; 

Td«A»Lc Ffcma m «*F th#« HituntuyAn, Fat fnd icw, Snritw XV. vul. it 
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CHAPTER XI IT 


THE JURASSIC SYSTEM 

Instances of Jurassic development in India Li Uiv gdoayntdmat 
W rtu uf tilt!. Noxtlunm HimaLiyj^ T Aurasam atniut oonfijtmihly 
overlie the TfLasaio in a groat th:clme»jj uf JlmeatotU’ and .-Iirhic- 
Til® Bueoe&sitiit m quite normal and Inumiiluiicd, the jtmctbn plane 
between 11M-" two My&touul yf ftopoaita being not clearly doiermin 
nl Ac ill tin' type action ai Liking- Marine Unu-sjo strata are also 

found in ilii 1 Sali-Rung®, presenting the middle and tipjfcr 
divintuiJN of the HVHtani {Oolite h Tlu* apUtu ift daY-ekijped. un u 
mtwh more «famJUVY *ejile in BnLodiktim, .L<nh a* regards its 
\vrt ten ] rung** Hml it* gvogmp]litntJ v x to i \t r A ton i piJiaiy invasion 
iifthem'ia (murine tnuiHgn^Miin). over a largo pint afiUjpilUtm, m 
the litter pirt of Hie Jumaalo gave rian ti> n thick aeriua of dullow.* 
vntter deport* in ftjijpuUjtH and in Ciltdn A fifth instance of 
.ItlrEi&MG duvdopmefct in India b* j|]-<i the result of a nurinv 1 rmi- 
greusion, on the t-m t want >>-f the Peninsula, wltora an oadIWten 
between marine and tomvftnul him givi^i ri*c lo the 

i id mating d^velopim-nt of mnritn- t-pper Tiinuste strata inter 
tainted with the Opper Gtmdwana framAtfon. 

Life during the Jurassic—Cejiliafoppci*, aspecialty the nmrwm- 
ilea, were the dommanE memheni of tlio life uf the Jirnisaio in -til 
the above-noted areas, Although jK-rhapn they nwhod the d Lqi* 3 
of their dimlirpnient at thn end of Hi*- Trio* in the Himalayan 
province, they yet dtttijibd a place of jntiiiifoent importance 
^rnong the mimm forms of lift-of this period, and nn* frprv^.'Nfrrt 
hy many largo and divusmfied form* with highly complex niiturod 

dinlb Nearly IftWapecioe nml over 1 fiO guusni have tetui found 
in the.) simple rtmks of Ciitob: the majority of tin- s|x then uns new 
and restricted to the west Indian proYinoo* LmuiHthmnoha were 
&\*o very miinorcui^ in the Jura.-sn- s*5*h and held un iuipoMaul 
point ion among the jnverrehnito fanna of the period- A rich 
JirniMc Hum of cycadB rnid ruiiffrrfl peopled the land n-yirDtti of 



im 


umttxm of tmiA 


India. The lower duses of pluixierojjaniB had already appeared 
and taken tha pkeHof theMedfcrn (ptorideajpsnn) nod thr httrefc- 
UiH oi tlio Ponno-Curhotuforo us period. Tine land wjh-y uko in¬ 
habited by a varied population of TihIj, amphibia and several 
onli^ oi rapUfcs, l*Kddra the ter«Ht.rm| mvrrlehrntaa, We have 
nbttufly dealt with t he relict of t he tatter clu hs of organisms in the 
description of the Gonttaoim system. 


JURASSIC OF THE CENTRAL HIMALAYAS 
Spill 

Kioto limestone—In tile Zunakar range mf Spjti, Garhwal and 
Kutniion, m far m. 1 ht- U'Ot fnmt.irr of Nepal, the Upper Trias 
fffirrio Binge} L» hu^hnnIihI by a series of limestone* and dolomite* 
of gnent thick nt-**, the lower pari of which recadla the Rhuetie of 
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the Alps, white the upper is the equal of the Lias and part of the 
Oolite. The bottom beds of the series. containing aholla of Mftffi- 
Wwh |»jnw up into a massive limestone, soon* 2fini> to feet 
thick. oalted the Great limestone, from its funning lofty prccipi 
toil* dlife faeing the Punjab Himutayas. It k better known 
under the name of the Kioto limestone. "Hie lithologicd char* 
net ct* of this limestone indicate Hie existence of a constant depth 
of dear uaLcr of tin awn during its fo rum I ion. Tin? passage of 

u'nie reprtwntixl by this limestone L from IU Lae Ik to Middle 
Oolite, an evidenced by tins changes in its fauna. There is an 
irudgniftetint hrenk in Ihe sequence succeeding the rnlfoviurj, The 
highl it beds of the Kioto limestone are fo^'dliferoUs, coMaming u 
rieh jujcscjubhigo of bdmmtitei mid hmieUlbriuitiha, anil am known 
im the Sfulcatulu* from the prejXLiidernjieo of (lie ijitftfoi 
flWrmall# s tukactiiu*, TTir groatm pnrt of the Kioto United our— 
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i hr middle—ih imftMfdhforon* A iWiljfettnifr hurivj>T>—the Jtfrpfl- 
l&lm i lim&tmu —uctuirn again at the hft,*n% coiifcalntng nirmeroti* 
fossil sht^Jlsi of M*jpdwtim and Dicrmmfdi%m* Other on- 

Sjriri'jtm, fAmrt, ,-lwjrnettitatf, Ruirntnitt*, with gastropods of 
Triadic Liliiihirio- This lower pnrt: o i ihr Kioto limestone ie alw 
Nonifiiifljcit desigq*tf>d a* the Para stag?. while the pail above the 
Mcgalodon lim&ftme k known a* the TttftUng /tbuj* . 

Spiti shales The Junto lime* rune i* overlain miformahly by 
Lbu most chiu-eeterij-rtic Junkie formation of the inner Himalayas 
known u* thn Spin xhait*. (See Fig‘ 3U.) Thm- mr a group of 
splintery black, almost HOoty g micm i^ni^ ^liilu?, uWut SW to 
feel thick, containing numerous cal es root is concretions, many of 
which tisiclosc ii wdl-prcwrved ammonite siheil or some other 
fossil ns a uvicklfr (rta/i^rain), These shales enclose pyritom 
nodules and ti&rmgiiioiis partings imd, to wank the top, impure 
limestone intercalations The whale group in very ^ifi and friable 
and bn? received a groat amount of Brushing nnd nompresdon* 
Thcoe black or grey shales show a *iugidnr btholagtcal permstenre 
from one end of the Himalayas to the other, mid cun be traced 
without uny variation fa composition from Jfazare mid the 
nort hern confines of the Karakoram rang* on the west to aa fur m 
Sikkim oil the mv>i. These Upper Juraasio shales, therefore, are 
a vtilimble ^trutigruphie unit, or reference horizon in the 
geology pf the Him ala ins. of great help in unmveUtn^ n confused 
or cions plicated moss of strata, no usual in mountainous regions 
where the natural order of Rupcrpotihiuii w obscured by repeated 
folding and faulting. 

Pa li it a of the Spiti shales—Tim Spit! shales lire fatuous for their 
great laiuiai wealth, which bos made great coiitrihiiiinrL* to the 
Jur^iu geology of the world. Ton uiuimomtctH are the ]jrojK>ii« 
d&nmt forms of life pr^u>n r ed in the aImIiw. The cuu nictation of 
the following gonpru give# but an bi perfect; idea of the great 
diversity of cepJmbpwl Hfb: PhyIfocGru# t ifojdtocffp#. 

H « rtitaCfTQA , QpjrKt l t A ipidoem^ IIakosttpha n u,i [Spititrras )—t he 
must Simmon frwil. HopHlr* r Peritpkutftej and Mftcrt>C£pk$l *tz*5 Y 
e ach of the gnnera being represented by J number of sj>e<Hre. 
fidetottthM arc very numomic iw hidJvidLuiK but I bey belong to 
only two genera. jfoJVimrifM (if prxujvh'l and Jtefcwija-ijpffitf. The 
priori pat fu nielli branch genera nxn Jricofia (j*L spififuinr]^ 
daiiwncrij. Aocifihi, /Mcrntimiir (/ inn/j. Prefta, Odrta, 

Suruln, Ledt t, , 4 rra 7 V^Mt» T jfifcrV, Firuromyu. 
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<Uomttmfffi. Maittdimitjtt t;»Nl.mix>J lL ‘ 

/^nro^ipir^ inr^fi i'fttfkium 

The fauna of tin- Spitr nhult - indimm -in ujif* mio*t JumniO 
nge—Porthndiiin nrjiL Ihirhtr&IftTi. Tliey [m-> <nnfbmuibly into 
I he overlying fVei-aeernnt Handshinr- -j f XeominUn h orison d UumaJ 
sandstone ; r 

Up[KT jBFasdirr deposit* ttfStfiti fade* Mver titfge r>f 

miinil ond northern Tibet, m + wr% to the acwunfc* uf Sven 
HfKliu fc iifwltOT overlain by m viuimunw sfjFrcwi of F^daeeoua, The 
Jurosttieb fohted into bug fettUnal bell*, carrying outlier utrip* 
of the Cretaceous >1 Eocene. 

The fiOlDwinit table «huw4 iii * gpoeralhed manner the Jnme^ 
succeed u of the Central Himalaya: 


Spifci *h&Je£ 
pm ft s. 


Kioto limestone 

twtiQ ft i 


Giuuud wuidstone 


httekimiif] ImiJn 
Huh hi mu beds, 

Bdi'iimlfe* lx*i^ 

IStalctoeutii* both, 

fjreai thick m=w nf urnttuvr liinc- 

rinhiwfihfofiPOfl (Toglblg 


Uunutl* i-l i jiIi 


CtaMtititi*. 
Port [diujjjiM. 

PftfbTjAXL 


Lilt* 

(Khintii in 
^ [rail- 
None. 


A very ^iinihir Jniussic surcesdon i* mot with in the Xiti pws 
Ifia Tiislf- fvtut nf Spith in t-h^ K niiun -rt EmnirilniiiP (ShnUhni), and 
fun her ^iiith-rasi in the By&tifi nmi near Nepal. Art 11 exotic M 
fiif i f Jura^e meum in n voJemur bfeoda *|sn^ul orvr Jolitir 
on the Kunifiijii Uuninr nf Tibet \h "73) eonfaming blocrka of 
litur^tum. The fondl* present. in i.hln limestone tridleafo affinity 
with the Alpine Jurawfc. 


Eastern Himalayas— ML Everest Region 

Vast tracts of The Himalayas eoat nf th« (hinges-—tho Neprd 
and A^sfloi Hinmbyiis—•are yet goolagunlfj unknown, but the 
aucocssivc- .Me. Etweet expeditiona have elunidafrvJ tho goalogy 
of the neighbouring traetfl north of ttorfmXlng and Sikkim. 
Hayden. Heron. Udell, and Wager have geofogicalty surveyed Urge 
ureatt of Sikkim a net Sauthim Tibot. 
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tmmorf fataly tu the north of Uiu crytiHitfine usds of the high 
range ru!mijiiLt.mjg in thta peak of 3tt. Everest there lita n broad 
cxtOTiBiT* ™w of modi folded nnd disturbed .Pura&ic stmtit, 
compockni of Tncmotoiious blank shales and nrgiilftacoua sand a tones, 
probably the easterly representatives of the Sptti shales. The 
Jumsmc shales arc iinfossilifcmus for ti to most jutrs, bill n few 
obscure aiuttwynite&t Memm£c& and trinoidj barn \nxm obminiid 
from them, in the lightly compremxL and inverted fold? of the 
Jurassic rocks are outlier? of CretocooE? and Eocene I'Evumpa 
system) rocks, the fatter wiitaining Ahvolmi I mien to no; white 
imdurlyiug Lbe Jura&do shales„ and udptts&ed agaiqet the apwfcftl- 
line rocka at the foot of Mt. Everest on its north elopes, uj. u thick 
^ri+s of rnottimoipiioaed fosaUIferoos limestones, qiutftriteg and 
dirties ({jochi At rift*) which fias yielded scene wdI-preserved btottb- 
lopotl-t, protiuriu.i he] l 1 Sjdfijtr^ of probably l k orrao-Cartoiiifer[iits 
n iTmitJus. T him n I j nt - ■ I v undt- r lying t hose is a do rk y re v I i rm on i ■ 
about JOOU IVh i look, follijwod by a yellow, stabby ^-histone iinjc? 
tftontv which togothof build the actual summit of Mt. Everest— 
the Mt. Evrrtxt UmisgoM tenr*. Their age is bdieved to he Upper 
Larbomfop-iu^ or sutttuwluit newer, The thick xoiie of rock? 
which comew Mum the lit. Everest fmiustonc consists of mata- 
tmr phoned foliated &ini& und HithlaL* referable io the Daiiim 
HSri&s. ThU none i» cSt«Udw)y injected by granite of Tertiary 

Tltt? pravalonl tectonic ■trike of the inuuniums here is due 
eosl to went, the regional dip being to 1 he north TV the c&hI. 
of the river AtUft rlit* itfrike iindnrjpm a -harp bond to the 
south. 

South of the Evcitieat'KanfllOTiji*tig?i group, to m far na tlu? 
Darjeeling Duom, the geology iv molt* ooiaplioatod, rin- picks 
brine? a riunphuc of mjataQJna tnetainoTphlv urltHtu, jitimsm, and 
Tertiary injs^otion gnmit-es, with bm Md then' patches of ilm 
Datings, The hit ter Tories i-nda abrupt ly to rii* 1 ^utb of Kttreeonjn 
by «i meabonjeof thrust contact in a narrow Iwdfc uf coal-bearing 
Oondwana rocks of Damiida age. These in turn are in vurted anil 
thrust over the Upper Trtian 'u'* j dlk be If of the fc«Jt-lulls, the 
«tnictLiTTil rdAtidOi hein^ hurt' riFudlur to t.hoee olisorrol oil 
the ‘Onth foot of tllD H:r nfthiyA'- w r-.l uf ibr “ ..m-jr--, 

Jurassic of GarhwaJ Sub- Himalaya, Tal em ^ In the J j -cr 
Himuhivii? cpiat of Mm Ganges in, the xone lying between riio outer 
Tmiflpry sene and rhu timer eryBtnllint 1 ftuoe of the main unm* 
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cotpihJ range. nod disringuished by Lii-- exdustei- oaciittviifte in 
it of highly nHrtamoqihrjtfcd old l J uri4nrt.) ftedimeni* f allied to tho 
Tunawjds of Kashmir and ibc* tile JaiUMafW of Simta-Gnrhwul}. 
there it noted an exceptional development of patches of fntuttli- 
lornuN Jumasic (*i beds underlying the fikarenv Xunnmilitie Hmo- 
itonu nrni ovuflytug the Rml beds. Thi* is one nf Ute rare in¬ 
stances of fotsailifcroua pre^ Tertiary rocks lining met with eolith of 
iho central ux» of the Himalayas, anil ic therefore 1 ate re stfa jg ns 
indicating ?i tslight trespass of 1 he shores of the Tbtby* tajoitd ith 
tisnnl ^ouili border p, £05) P THft fossils flit frw and inde* 
terminable jpociHoalJy they are fragments of bulemnit^, tM.rd* 
and gflfitro[Kx£6f. Theae beds* known as the TVfl firm** overlie 
with n great tin^mfornrfty older limestones belonging to the 
Bonbon or Kn»| aqrica of ifj i let crniij into Pn I neozoic age. 

Lithologically the Td seriw consist* of tfundslonrs and black 
e bairn with fwdi [iEunL-i mpnssaknifl in the lower part of the series 
and areiLarpoiiH blue lirnrotuflira containing comminuted shells in 
the upper. The principal outcrops of the series are in the TW 
tributary of the Ganges, covering I urge Areas in western Garhwah 
The fnsafiR nre not, very helpful in indicating the exact age of the 
rooks, bui they approximately indicate Jurarak affinities, 

Baluchis un 

Jurassic of Baluchistan—Marine iTaraesie rocks, of t he goaeyU* 
chnal faciei, and rosrotpoiufing homoraxinlly to the Lins and 
Oolite of Europe. are developed on u vast Realr in Muludiistarn 
and play a prominent part m its geology, r Hie Uaasfa beds are 
imposed of massive blue or bfock. cnnoidal oolite or ftaggy 
limcsrone in tor bedded with richly fossi life run* shales, attaining 
a thichnass of more than ftiHWi feet, in which the principal stages 
of the European Lias can I is recognised by matins of the eephuko 
pods and other iiinfluncs entombed in them. The Liaesio time- 
h tones are overlain by an equally thick series of ma^ive grey, 
think-bedded limestone of Oolitic age. which fa seen m the mourn 
taim near Qimtra and the ranges ran rung to the builI h. With the 
CaliOTUn OtHge. however, there occurs t\ gmp in the sequeneo 
which extends to I ho XecHUMuian. The top bedm of the last- 
described limestone contain nusiernua ammonites. among which 
the genus MaemctpkaUits^ represented lay gigantic qweirnena of 
She tfpoolafe M\ polypht}ttns. attains eery large liimensioin*. 
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[The rook system* of Htb^iciiF^r aii ah j *?a|uihta nf rtauhrifitiiilEui mui 
two bnwiJ ilivwiofi>. ^ j urijiriwiriK I.wo entirely different type* of dep^t* 
One of , 13n* KiixUtm. m msiinJy chime len-icd by lAlrdrrvmn con* 
VtiUilitm and voulpnnefl ft varied geological ^•r|ii.rm , - i, 1 ranging ini uvr 
frem tliif lVnuu^CtabrihifcrnuA upwards. Thii fkdc# ii prpmitimtlj 
displayed jn slip moni-ium ■;.i:i_j- - u| R Hjdin , jit*fAfL L-oE].*tii tiling Lins 
Sind /r*nlief. The other facies is utmost entirely aigilttowtu or 
nrcnaccoi4* r comprising n gnrai. thivhnesi of shallow^ water j*ftnd*Vpni?H 
and abaJ['a 4 childly of Oljgncene-Miocene 4gB. The lit !pit type prav*Jti 
in the broad upload region* of \V\ BfthieliWun, *tn-iulitag frem the 
Mrdmn cooist north wards up lo tlt(* southward ^online* of the JlehuW 
desert, TLu»c dtfforwiws* of geological tirnicturu <ubI cmrcipr^ita-hn in 
tijn- iwa di vis ion & of Riduchiitiiin Lave determined in n great measure 
tt* prirsrifioj phyniral fenlurt^ S J 

Alt the Mesozoic syBleine arc wdl represented in Kn*t Buliichis- 
tnn, ftmi ft re very prominently displayed in the high ground 
extending meridionally from the Tubht-t-Suiniutnr mountain tn 
the Me Iran mast In the broad urns nr gulf of the Tethys which* 
as wo have already stated, occupied Baluchi^™ almost since the 
eommeucement of Its existence; n series of rinpadtu vrs formed, 
representative of tho ages* that followed Him occupation, FffcQpe 
tho main Mesofcdu formations of the Northern Himalayan find 
thuir parullelft in Baluchistan along ft tract of country foCfJ&cl m n 
series of parallel rm tidings and imiclines of (ho Jure typo, stretch- 
mg in a north to south direction.* 


Emm 

Spill shales of Hazara—The Junrtsic system b developed iJi 
Hflaam, both m the north pad south of the pnmtKte. flic two 
developments, however, are quite dktinet from nim another, and 
exhibit different fades of deposits. Tho northern isjkmurc is 
similar both in it* lithdnginal and jialiM'ontoJogital diarjusbn* to 
tile Jura of Spit L anti conforms in general to the guoaynohnftj fades 
of the Northern Himalaya. The ftpiti shales are conspicuuiiN nt 
tho top. containing ^utnt of the chjMTMjLevmtic fauna thvV overlie 
a d^rk-grey nm^ive limestone,. 11>0€1 ft. thick, rant,dning MetfQ- 

h*lt>n ami Dir.tmrtfFdium* But iho iluraftaics of »ulh Hazara 
differ abruptly from the above, both In their compel mn and tlieir 


1 R. IV Vmlrrtbtirpr, Q&L V^L awftpl-l 3J . . , iain 

* VmJnahtfrri's nf ^ s.ipt- ^ I s ■ 

ftl«i P*L Itui flaw firdH, vdI. »i inwiir I. FQOfl— InimtuntiMf. 
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fnfiHiln; they *lmw grruTi'r affinity U> liir .lurn^i.' oiUcrup.* nf the 
Salt-Ham;*. which am chnmoleruaxl by m-miaial. muff arenaceous 
fnoU» of.hpwit*. The* Sfiiti shale* .rf the Xnrthuni torn* have 
yieldedthesefwsfl*: Oppetia, Feri*}t?nncltt, ftrUmmir*, /nwmfiiw, 
(.’ircWfaea, Pectffi. ('orbula, tlrypktea, Trigonia. 

To the south of Unzam the J umraica ciutorqp in * few iniiers in 
the tightly Nfiuwncd isoclinal fold* of the Ksdn (,’hittn range of 
hill* of the Altoirk district. Thr beriittmi present art* the top 
beds of the Kioto [Lias) Jirafr*t-un<*, Middle Junuttic and the Pur- 
lieddnn (Spin shah*), Howdy lutauc rated with the HiuruaJ -tcrU-fl 
of and jirmrlsUmo (Albion *>r I limit) T!u--c hmh/orifi 

sire squi«ied together in n nimpn-^il hmui rind Hf* L not easy to 
separate. The fossils prr*ejit in thci*n ranks it re i'elaki. /.lino, 
j’licHtvhf, Grftfihnm, Chfomy* Alnyailte and Pm^pAiVn i. 


Kashmir 


The Jurassic of Ladakh *In I he Spiti urea, which in reality ts 
I hr* direct south-east extension of the Zanskar area of t he Kashmir 
basin, it will la- remembered flint the following Aoijiionce or 
■hiriH'ti! <lr)KMih i» known: 


l 


Qjiinml »and*tonr, 


Hjiili »|iiik™ 


Kioto tunefltoms. 


T'syU*ty 'toy** Jtu Inding th*.- Saka- 
C til LI* htlJh. 

Pnra ring?* indadjuj; the ftigaio- 
df>n hmetftom?. 


Cratoroott# 

J LU'asistr, 


SUtnnit* *h*W 




A sequence, PCrUgbty similar iamany n^peem to this* is traceable 
in »(HM outcrop? in the central and southern part* of Ladakh* 
resting conformal]ly upon tin? Upper Tntsfik lijius^fcqme, r rkw 
uutemp* form part of n broad hAein of marine Mrauzotc rnerki 
situated upon thr inner Hunk of I he Xiinskar range, and riff con¬ 
nected with thr Jurassic formation of Spiti by I vine on the tsame 
strike* The lower parts of a number of these nut-crops. which 
include about tret of dolomifsc limestone, recall thfl Mcgalodon 
limestone, Iratb in their eaviBtifiinon and in fheir fossil contents 
At another Inealit v this group is succeeded by light-blue fimeston^.. 
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lA'liHih from its contained is mfrnih]e la fch« Tag ting ifitgi-. 1 

Tin TagltiLK :-l;iLf pdHsea conformably up ill Several ] uadi ties into 
Quj Sfitf-j -j j it 1 L rj -. that LumocnlU uhunictor i.il.jc Jora&tjc horizon 
of Himalayan stratigraphy. It is readily rotxjgnii^HJ hy it A 
lithology. iu bhu-k. thin-bedded, L-afbonueemi* and mica¬ 
ceous shales mntahiing a fi j ni fossil-lirjuing i meret Solid t The 
following fiMwils have tjean hitherto ohlfidaed from the durable 
of Indokh: Aftgfibrlnt*, A ricvht , Ptr(r» I rifJiiurn. Ncrinra, 

Pfot&Hiutilfo, Fteuroiamtiria; some I muumdrs, including Macro* 
r.fphalti&z numerous frag tnmU of flfhm n iftt; and a few spcdea 
uf fflujntJ&m Hii and Ttr/hfuiuht 
With 13 k i ’ exception* described below, the Jurassic ay slain life 
not been rccogniised in the Kashmir province proper. It. in 
probable that the mure tjtlailo-l m \ tyc \ of the proving will 
bring to light further outcrops of Lhis system from remoter 
districts. 

Jurassic of fiamhaJ -An outcrop of the Jurik^m hi* turn is 
found on the north side of the Bun i I ml jisim of the Pir Pftnjftl ill a 
tightly com preyed syneiine in the Upper Trim-. A ^eric* of lime¬ 
stones. dialw and Huahtone* therein, rating on tin topmast (win 
of the Upper Trias, him yielded a few Jurfedk oephflJopDdtf and 
Jamdli bran die. 

11 is probable shat similar awtilerw of tlwJurussio esisi in nsaoci- 
ation with l.ho ex I endive Trin^sir formation of the nml.lirm Hank 
of llit 1 Ih'r i"jiii|iil between Bouihjll and (hiliuiirg b under rover of 
the Pleistocene glacial and KtrtrW* depodta, whirh Stave sheeted 
the long geulin northern alopo^ of this mountain range* 

Air mentioned on page 24$ the tipsier Trias of Bnltnl appears to 
pfejt upwards into dark earlKMiiccoii^ and pyrUotiH sh hides, eal- 
efireouta dukaami limestone containing Aome badly ertiahed and 
dlitortod ammonites and tatemnitfsh Tbosti are probably of bowl 
Jura&fo, Lower lifts, aye. Thee* rocks are wait displayed m lhe 
synclinal fnldi of the Upper Trias in the uuigniloent series of bare 
cliffs on lhi j north Jdo of the Sind iihovo Sunamarg and in l he 
\maniaI h valley. 11 u y well «poe*l in the cutting* of the 

Ztjji Lit rujul ivbttvr Haltal. 


1 Thr oornTro. * of tin* .1 Blurt tw i.m imv<T hwi *uJB 

wnily JUiiorliiituld. Rnvi*ii^fif uf ill# KflPhiiiir t* fi»Owl. U i* "n?y 

wtmfl Lhii ittitfJte i* <Sjihpii!ileLL thai n full Hofuilnf of ll-ie of liBMJiroir 't <v|i 

hn *ivm in nny .lataJI aunh a* t» haw RivAn *!»«« «f IVLjwmic l.irmutiona- 
Tlic nnu ii m in* uH kixmi lha Okmwiii 
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Naiuysii beds—Jurn^iF strain art* itics with ns the Northern 

Shall BUitaa, and art' referred to up the XamiMtt btHfl* afan wirw- 

timr* designated I he* ,<rnV.?. iBec Fig. 15, p, 1*15.1 rbe 

hjr'k j nrr red or parole- hwidstoiLes anti .dmh^. uufoeeiMferouti tn 
the iimirtp hut the few Uim^tojae bands have yielded a rich braohio* 
pHi fauna wiih some lamellCbrauoltH of Upper Juracsio age. 
Thcn> nrv in? ammonite* present This group uf strata in Under¬ 
lain by fllmles and cimkffi*ilahtef limeBtonns, which have already 
I wen tx’fcmd Lu ^ the equivjili v nf^ of this It h attic or Xapen^ 
Heries of Burma. 

Kook* belonging to the Luis horizon occur at Loi-ail, near 
K a hue. in the Southern Shan Shitey, endowing a few- coal-mens tires., 
the pbmi-beariitg beds of which have yielded, among fossil conifers 
ami eyrwK i}at- elmta^teruiio apenics GhthjQite& rfipitato. 'Use 
Loi an e^abm future* *upjH.irt. ji small coal-fluid* 

Sait-Ewngr 

Jurassic of the Salt-Range—The middle and upper division# of 
the Jiijakdc ■u'e n?|jr&se®lod in the Saji llimgo* composed uf 
saiiilsi oi ieH of variegated c<i3iiurs, yrilow limes Lanes and gypseous 
Hind pyritusis shale*, They contain hand* of yellow oolitic lime- 
H.rnm- resembling the 4 golden uuHto " uf CuUih. To the coat of 
about h-tigilude 72^ the dtim^do In mining owing io the pn?- 
Tertinry ditiiniatkn*, which wa- pnign^dveEy more praooiJTifvil 
from w-flt to i finf in the ^ill Bongo, In the nort h-western fwt 
uf the Sail-Rung- near Minimal and KhairabaJ, the Jimuuia 
beds thicken to at leant 1300 Feet and form prominentstrike ridge#- 
Hlill further west in the ini(i±+ Jntiii> Kail-Range the gap in the 
rsequenee below tin Tertiary hemww much U&* marked and Lho 
■lur^ic iy*tniu -alUmr* a ihickuiv* of Ifiim feet iiftuf Kajabaghi 

and marly 3000 feet in the Shekh Rudin hill* and the Surgh&r 
range. The Surghar range-, north-west of I*h fvhcl* in competed 
aim *t wholly of JiUBFaie and Rodguc {Xummulili: 1 ) rock*. 

The pJtmwviio fttnrvta of the IxaisaTndii# range* may Ijo ami i mar- 
Lied in the Following tabic: 


THE JUKAfiSEC gjfcTE&l 

Whin* pmirktimc* with dark dude*, €0 ft. r CreUceouj, 
Xwh umiiui fossil*. 


Upper Jurassic—light eoliiu red, ! bin 
ti<-t |i liNii highly fwJIHttFfla* Jimc- 
stonfr*, and blockish ajtjfl&cooiiji 
duJtt Fi^ilii: /Vclffl, LrTmt i (hir*u, 
Pholwhm^u^ with owml 
pjui gnatr™pL«la 
Middle Jurassic -white and vbrburily 
strata tinted soft sandstonea and rjay* wjth 

1500- IKH> ft. } I j gri i tp i liih i cob I partiag* pjritun* 

Colton) shaircfl with imhohiimti? hand* 

*liflh^^Tt jE i mtti bjH'UNiI is-. F<'-.i. I ■ 
^bv.-lfre plant remain*— P&h'jMuit<* r 
PtilppkyUum, Bdemmte *, Pit u rtrfo 
fmiriut ITtitfeUi XjffHw. Aucitlftria m 
/v,:/. ep, Mf&oite** Nmnm, fVritfiW, 

tikr/wbnirthi. etc 


l VrntiL^ bed*, fa 

A section of Lbe Above typo is suon near KaJibagh m the Indus; 
jl fuller section is visible in the Sheik Budin hills and In the 
Surghnr range. 

A few wal ur lignitr seams oocrur irrqjuhrfy distributed tn the 
Iuwpt part. and urr wr yrice d iirtkr Ralubilgh. and provide *<n an 
average about 1000 tons of coal jmt year; some hap inutile Uycfrs 
also occur. Fq^U pUnia of Jabalpur affinities, mwl used fa these 
bed?, point to t he v icinity of lamL A low beda ot a [jecnhsT 
oolitic limi^Mne, known a* llic is golden uolite "\ arc found among 
iliese r<ieks . The rook i* a coarse grained limestone, the grains of 
whkh rtm coated with a thin femipkniufl liner. Fossil organisms 
preserved within th™* rocks OQOiist of an eafi&mhlagp in which 
thun- f %rv Qnlrt*§ t tZrwjgm, fipedM Of TVrrA/oiiiAij minmnns 
poda, many ttmm&n4U* and fafewMiite*. I Im> opines of iimMrode 
largeupecipfl ufwhinoid^ like f r iddnb h nm\ fragments nf the t^ts- of 
irrttjHhtr eidurirdd^ an? frv<(UcnL in the 13 merit <j»Gb- 
A ntpidlv varying Lithological composition of * senes of strata, 
such i* i-lint ^r'Mie Jui^de nf dm Salt <R Ling*. i> auneatirt of 
innn% minor changes during tin" eran» of fiedinumtatiiMi in that 
an^i Himh. for iiLfttoncOg as change in the depth o! the siSi wt of 
the height of the lands which wntrfbut^d tin sediments, nr ftitem 


Middlir end 
Upper 
Jorns^p* 


Tttaasle. 
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ticte in the ouursea of rivern cmd of the immsnts in the mtk. The 
Salt-Bang® Juruaio soa was connected with the etwraUd !*ra of 
Uutoh through iJftiti&Jmcr And West Hajputatift* 



[It i* in I hr 1 - wfttt and rmTis IshIieh 
part «f the Halt-Range I hut the 
Mr^ncttic group si du« 5 lop*(l in *hu<i 
degree of tXtfUphton*^ In the 
eastern, dis* Indus part, the 
izrouji bs* mi the whole* father in- 
rompleteJv developed and irregularly 
distributed. 

Th e uf thi* part of the 

KuLc- tteuigr ia mu* <>Fi|mE nth 
jinns by which the stratigraphy of 
tlm iiiuiuiEnina la ijirgnh' obuninecL 

Thu strata by repeated foldints 
and faulting have ucqiiimi wunh a 
eonfijtird dispnaiTion that the natural 
rmler of tfupCTpoalticdl itf ofWn in¬ 
verted, wllik the Ian hid and tilted 
block* lie Jtgttiijut oim another iu the 
most sjitri^Ate dkmtfdor jimigi.iijihlf\] 

Marine Transgressions during 
the Jurassic period 

A ft or tlm emergence of the Fen- 
in*ulu at the end of thy Vmdhjnw* 
system of deposits, thm part of 
Jlid]Fi hna generally remained n 
Innd nrou, a continental table 
httid exposed to the denuding 
agencies. Kn ratcsttfes marine 
deposits of any subaequcmk nge- 
have been fanned on the siufuooof 
the Peninsula since that early 
date. 


Mature of marine transgTHsaiojia - In the Jumble juried, how* 
over. several part* of the Pen inutile mz, the enjuto and the low- 
lying flat rugiona of the interior,. lik-" Kathiawar and a large part of 
Rajput aim. Mterading northward* to the 8a It-Range, wrm term 
pararily covered by the *eim which invaded the limrln. Tfoes* 
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Ituujmriify noon Mich iwimu orthe w^i over what wjlh pravumply dry 
|.ii 1 . 1 1 an- not iiiiaonimiEii in ihi' Haimd* of *rvcral gt*o Logical periopbi, 
a lie I were rmt^v! by t he sudden deflffi.'H&a in Lhe capacity nftbc ocean 
ban i n by Home defUnuFiMnn of ill# mi*t, such a& Uio -unking of a 
large I And* m mm ■ nr lit# elevation of a Aubmitino trod. Such 
inyaraon* of I hi- **** on lam! known 4m " murine tnu^gW^imi» 
are of ix?na|jarntivfljy short dtirntimi ufiil invade -oly low-level 
nt^an, converting tfwim JTt-^r the time into opicoiitiimutal 3C&£. 
Theme temporary opmuntiupritaJ *can nhould be dwtlngTii^lit'rd from 
the gtHnyticlinai or meditarrnneim He!-', II ie ncim* of deposits 
which rcHull from those Iniiwpv^ioiiH- nr# days, *and* or lime- 
iiofuat of ft JiLtoml typo, anrl ixmt-Uhitc u wdbnmrked group of 
depedto, aomutinm* d?aigniited by a special name—the Coastal 
syitem. Ojji* example of i hr OmihUL system wo have nJitudy rfoen 
in «amncHi<in with the t?piwr fJimdwuuu ditfjotdts of ibo cast 
count. The rriniiiiUDg inurariw of tnnrino iTaiiBgm^ional de* 
posit h in tin* geology * if India arv I ho Upper Juninsie of Cut oh anil 
Kajirtitmui; the Upper I "rM*uu-iHin -if Trirbinopuly, iln Xurbsuln 
vulloy and 1 hu .Wnm hills; the fiocefti* mid Oliguceno of Gujurut 
HinI Kat hiawar: ami the an mew has newer dopouta of a number of 

piaeen on the (Jomumridel coast 
Depodl. which have originated in thin inatiller pc****® a well- 
defined net of elmmet*rs ? by vrhioh they nr# dMinguisdiublo from 
the ot I j-’t non n n J inn rin h h h atTn w - w uU*r depotfi to. i 1) The** H j i ck - 
nt^s is moderate conkpoxed to the thickm 1 ^ of the cji ttinur v murine 
deposit* + or of the eiiurminii tliiokne^ of ihc ge^ynchna] forma¬ 
tions* (S| they, m n rule,, cover a narrow atrip of the eoasl only, 
utiles lowlands extend Farther inland, admitting the sea to the 
tnterior; (3J the dip of the ulrata k iregular and sometimtsfl decep¬ 
tive, o a liter to ciimmt'boddmg ami fiejmfiiMoit on elndvin^ bajgks- 
Qmudfy'th* dip is seaward, away from die mainland; cause- 
quontly tho oldeflt btnU are fartluait inland while Hie noiv.-st ans 
near the wtm. In somo <ww^. ho we W P a grtit dapth of de|^i U on 
is pOflsfblcr during naarine i.ruiatign^ioiLS, n^- wlwu tracta of the 
coast, or ihv continental shelf, undergo Hi likings of the nature of 
tTmiglrftiulting. oonourrentiy with dapodtiom Such wan tho 
e.iwr f for itih lance, with the litldns in which Oie .1 uranic 4 of I nU h 
were laid down, in which t hr niokiug of Hn- hiwiiu mluiitti d of a 
•"OnliituotiH di'poimicm of thuu^aiuls of reel of Humml detritua. 
Siiih block faiilling k quit* in keeping with Hu: herd lik- miture 
of the Indian Pimifimla, and ln-linig- to the Wfcllii 1 system of 


L njj> GEOLOGY OF HiDlA 

,, A nh nnn-cntr.ni* ■ - i >n^ wJiWi eluU'Aoterisnd tho Gondwntt* 
period. 

'IV murine duri*-U' iteptwil'* «f the unaste «bow All Hi Lem* ting 
foAturo: the marine i«uifigre*-duit of these ure*» comujcnCes with 
thfi (.Wbvinti nt-iiLf uf the Oolite* tJii* stage whinii marks a definite 

withdrawal iifli.i frttm BalmdtistAii and i temporary pause hi 

depositJn» in the Central Himalaya*. 

Catch 

The Junmsfcj of Culeb—Jiiras'iu nicks ouuupy a targe si roc of 
the i 'ntch Stale. Ir is tins imp'irlant formation of CiiU-li both in 
r ,^ T „„it of rii< lateral stem it cover* and to thiduie«*- With (he 
exception of a fiitt- -mull putLthcrt -if ituimit crystalline rocks. uu 
older stdtcffl ofdpjmsit-* rt met with in this ™ If i> unite pro- 
t»hle. howmm (hut large pari* of the country which at the 
prudent da’, nr*- hum. dreary ivxwitei of black saline mud mid *ilt 
(which form (he Kano of Cuteh) An* underlain by a etibatratum of 
the IViinnlar gnfiisact* K^tvi tiff with the /'UMium A breed hand 
of Jurassia took* extends in an easUWrat direction along the whole 
length of Ciiteh. and they iil>- ■ appear farther north in the inlands 
in rim Kami of Ciiteh Slrurhimily the Jurassic is thrown Into 
three wide atiiidnuU folds, separated by synclinal depressions, 
with « longitudinal strike fault at the fra it of thn tsmithcnnnost 
ant (Mine. Thu tnftjn otiternp Attenuate* ill the middle. owing to 
the overlap of tho younger doped ts- The aggregate thicknoAa of 
the formation is over feet, a depth i|uitu turn input! bV with 
deposit* of this tint arm lint fur the exploitation given a I Hive. 

The IfiTgr patch of .fumade rock* in Ea-t Kalhiitunr urtiimd 
Dlirtnigadhm belongs to the same Formation, And is an outlier of 
lilt- latter on the eastern turn (intuition of the same strike. 

The Mcacwok of Cut cl] includes four Mates— Pattham, Chari, 
Kntroi and P/mVi, m n*eending order, ranging in age from !x>wer 
Oolite to Wcolden. Thu base nf the system is not exposed and 
the top io unr onfononbly cohered either by the liiwmlt* of the 
Jtecctui Trap format ion or by Xumimilitio beds (Eocene). 

The following table adapted from Hr. llldhitm, give* nil idea 
of tho strati (graphic sncMeainti: 

Marine ■uuulKtOAc-v villi Crioetrtu, elc,, 

'Stidutotir nnil (hiilr with oyoad*, 
noniFrrfi, uni I ferns (fltmdwium fninnn], 

M.intir- -ixuifirtiuru; ami conglommiv with 
PtrWpfiintU* and Triyonia- 


Umia 

(300P ft.). 


Weald Ml 
and 

uppermost 

.tnnusiu. 
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Ka%tq\ 

t iaoo fu. 


Chin 
fLIOO ftj. 


(tOODfLj, 


( Sii tuitflu tuu -±ml sh alv with Pc rijph - nils* 
itiirl OpptOa. 

Rirruiiinon^ tz& an A ydkiw gfinrNnnr 
\Kanthftf wuvlyU uu-w) with Si&phmuj* 
erm* , Arrpid&xm* 

| f)ht>*ui ■s>CBlit^- l oolite linsi^iimr 1 ftfl 

^ i/ji-if-* m*, /Vrt-ijpA j i . 

WiiiCf UuicAtoiu&s; PdtetfnM, OpjKftuL 
Whutiw with farnajriiJDtii nodule#; /*«*■■ 
l/dr^mw 

Khalit* with k| goEilrn »wilitc ifrurw^- 

pkthte*. QpptUit, 

Grey liiftF^tuue* and tu&rl* with Gppvlw. 

rrt*K bruditopotK ■"! > 

Yellow §iiiudHoni%i niw.l liriiesttftKi# with 
f 'titlrtiki. Pnt-utfaW' #tt'. 


Ujifwr 

Oolite. 


Mid dfe 

OoEitc- 


Lower 

Oolite. 


Bew** Suit mn.T. 


Patcham series—Thti lovrtNffc mGtiilKjr* iho Patutafli neriifli. ocoarn 
in the Potchotn island of the Jtmm or. well ms hi the uniiu .jutc-rop in 
Cnteh proper. The lower belts me nxpQMd toward* the north, 
nnd an? visible in many of the nliuid 1| < J'hi 1 strut# situ* * low Hip 

to the south, «.e, seawards. The wiiurtito.. ***** «*> 

coloured ajindatuiic*, nnd IimrttWW, overlain by liniOstonW <unl 
maiU. The Fossiit* air- pdneipidly Imm ilibnuwhs and ■nnoatU*. 
hut hot so mi infix me jl> in the two Ufijwr £nui|i:i. the leading genera 
king fn^onio, Limn, Corbiila, GttvtUia, Ejx/gyra, and Opptjia, 
Perisphinctat. HUcrvophiMt™ i M. trMt»jttIan*i.gfr*jic*ru*, 
atioctrrM ; some species of S’ant it it'. 

Chari series—Tlse I Jjmri aerie* t*kob its <mtm> from a village near 
Hhuj, from whore an abundant fawn* com^ixnnUng with that, of 
the (alluvion stage of the European .Junwic lias 1 m*d obtained. It 
is composed of shales ami lunestomf* h with a jnjcisli.ii a d or brown. 
fcmiginouK, oolite limestone, known as the UtmM noWe, at tin 
top. There itko occur nt the base, a leu baiidatd wh.it k known 

as tho golden oolite, ft limestone cnnipnHed of n.led mdoaroous 

grains coaled with iron and not in n matrix. The child clement n 
the fauna is copbalopods, some hundred "* .011 mom ten 

being recognisable. in them. The principal «"*»» aro ” m ; 
*pkinrle* t Pktjllocttau Opp.Hn, (mini} ajswiee). 

fUrpwmut. Petoetm*. AtpMmra*, Kriwtkiti. M«9*# '■ <■*<&•*“> 
IwJaiphincUA, Apiyrhtt#, UrmsaHvrm, St- phanoftm* In addition 
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tJusm are throe or four species of BekmTiitw, several of Xautihi4 t 
and a huge ntmtbar of lunudllbrfltitjh#. The Chari group i* pflke- 
oiiu.iogicJLlJ v 1:hr inofit important group uf the Jimuwic of Citohp 
iH 7 cau&c it has ftraMd the greatest number of fossil specie* 
identical with known European types; ii U divided into the follow- 
Ing zuncBt mftcr<x:,ph(tlm beds, nAtmnni beck, anceps bedt, and 
uibklu bods, tunicHying the Plntfa oolite; theDbusa c?o!ile t coming 
at tlie top of the ('had aeries, is the richest in nmiiumkcs, being 
diridod u>t 1.1 three well-defined ramus. 

The Sfltrol series-The < hue series k overlain hy the Katrol 
group of limits and sandstones* The ihales are the pmjmmiejiujli 
roek* of lhis aeriaC, forming more than half it* thicknesH. The 
tiaudstom* ore ill dint? prevalent towards the top. The eludes rare 
variously tinted by irun oxides, whidi at [daces prevail to puds 
an extent os to build small concretions of haematite or limonite 
The Katrul scric.% Forms two long wide bamk in thti main outamp 
tn Catch: tbo exposure where broadest in ten mite* wide, Besjdrs 
farms which are common to the whole system the Katrol eerier 
haa, as \H 4 puck! fo*rils f Ifarpoctmx, Phiflloc*rQ# f Xtfteent*. and 
,4pfycAu*. The other IvaLml cephulupudr'- are Ififtcfi'irjt* A#pidn- 
atmt, Wmtfiuiu, Sirthhi* ,y P^Aj^jriAincto. Jfofrvfittjti* I,many 
specie*), Tilt- group in divided into tower, middle and upper, 
rii[i|M k d by the Znmw zhuk-v. coiktalmng fiwwil ryuAds nod other 
plants A few plants are pracr™] in the saiidateno and 
ihak Insthi liujunging to the Zanmi stage, but in such an im- 
jjerfeet atsta of fi^dsilkaiion that they cannot lie identified anil 
named. 

The Umk series— fHer the Ka 1 ml group the uppermost 

division of the ( Utah MeeOxoIc, the Umia scries, oom [irking a thick' 
ili-^ of Uoi hi fpjit of soft mill variuuiily coloured snfickttme* and 

ndy dialr*. *Tlir lower ]«jt oT the group k > mglumeTAtic. fob 
lowed by i *erie* of rdamui *mnd*[onn Errata in which fonaUs arc 
rare except tw o Apcmo* of Trigunut, T. t'mtrk&w and T, ffliwip 
which are. however, very typo ai. i Ivor this there eoiniv an inter- 
vonmg m* I'tes of Fttmtaof sandMouc** mid shalr-^, whkb* both in tUeir 
lithological ah well aa pidcwintolegicui] relations. am Jihh to the 
UppertfUndwaTm rock j of the nmre iwterly pamuf the I'Vnm-mla 
The interNtrntilkoikm of throe with tin* marine JtirwiB 

should 1 m- Hr^'ril>cyi to the mURe cireuiiJiitaiiecH a* tluino which gave 
rw to the marine hitarealationn in the Upper (tondwmut of the 
vunt ena^t After tliii atfghi inlerniptioTi The marine conditions 


rill: Jrkrissrr m^teai 


once more ^TuhJtfdtid ihoTnwJTTOp dnot- the higher bed* of the 
Umiii runbuu funny remains of Ammonites And hnlommfciw- 

Thc Umi.i gn mp liasw id*- lateral intent in f ’llt-oli it^ outcrop hemp 
much the lirondest of nil the series* Its breadth t nevertheless, u= 
conpfticrnhty re > Incod by the overlapping of n I urge part of ire emr 
fare hy l\u Deccan Trap* and still younger bed*. The fossils 
yielded hy the Umin solie* ore *pcrifei of IVittiurnmnui, Pfito- 
, Hhit'Hatht*, .-I niuainP. * HrurhjfphyUnm , { Ynids und 
Conifers, iv hi eh have been emumemted in the chapter relating to 
the Upper Gondwami The marine fo&flLi in elude the genera 
t V ioctra#, *4 ca a f hi*cxi n*. //n plow T a *, /" m iftUc . 5 , S" ri ncft jr ( 

A ufoemphinette* RdzmtutfXt with Trigtmia rnffi mid 7 Yu/«hni 
mi/ar^so. 

The Cutdi ilnnujfHie rock* am vary rich m fo&ul i^pliidopnda. 
Out of the material lately collected, L F. Spnth hm diatinguiaWJ 
Mi gvrmrn, fifty-one of which are new to Indie, and nearly 000 
species, n (urge ^.letritage of which are of local or provincial lyjN?, 
unknown vtaewhert-* Yu rercinhlam-ra an detected with the 
Mediterranean or with the Xorth-West Eurojiciiri province, nor 
m there seen any affinity with the Boreal province* but there oxiffto 
a cloeo fauiiul relationship but ween the Junkie of Catch and of 
Madagascar, 

Yho coots above described are traversed by an eitwdvc system 
of trap dykes and silk and other irregular intr naive maami of large 
diitiensicina* In the north they Ijecoifie vary complex, surrounding 
and ramifying through the sedimentary beds in an intricate net¬ 
work, The ifttruaiom for in part of ilte Deccan Trap series w4 
are fta hypogeno roots and brunch^. 

EMUawar—llie if uranic outcrop of XonhE^t Kathiuwur, 
already referred to, is ctmi|K#od of soft white or ferruginous sand¬ 
stones mul pebble beds or oungJomOtate^* Ln this respect, w well 
as in Its coo turning a few plant fusils, it is regarded is of I mid 
horizon. The mudstone in a light-coloured freestone, largely 
quarried at DlirangadKm for supplying various parts of Gujanit 
with a unick-Jictdttd building material. 

Jurassic of Madras Co&frt Strain containing mo line Juraasic 
h iR-dls are inter lidded vcatli Upper tiondwana beds in some out- 
rmps between Gmktnr aiiil Bftjahmmiilry on thf Madras coast 
(p ilHi). Tin fo^ib. mostly mum unites arc badly preserved, 
hut L. F* Spath regards them os shuwhig 1»wer Cnitacc^^un 
felfiiiititti. 
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EajpuUna 

Jurassic of Rajputana—The bifoacto of thr Jurtt.'--«o wea pene¬ 
trated much farther tlnm Outoh m a north-east direct,inn, and 
overspread a great extent of what is now KnjpuiJiiia. I-ftfgP nn'aitt 
L>f Rajpuiimn received the de^sita ot ihii 9&E Only * pAtoliv* 
of which arts exposed tu d^ v from nndurtmth the flaui* of th» 
Thar desert. It k? quite probable thud a Large «»©! of froutU- 
fenjus nocks, eotmeeting theac isolated inhere, £s buried tinder the 
dwwrt aitiids. 

Fairly large outcrop* of Jumraic recks occur in iliu&aliner Him 
Bikaner, Thor have received much attention cm awnimt of their 
fo*ffiferotifi nutim A number of division* have ht^-n recognised 
jti litem, of which the lowest, in known n- tin- /frtfcitir wniittfru* . if 
is composed of onarso sediments—grits, Banfhitnttea anil H>nzl"iuer- 
aics, with a few badly preserved ivtoftiiw of dicotyledonous wood 
and leaves. The Host group is distinguished os the Jafoattnrr 
UmwUmt; couiiMiM^I of highly fnssiliforo'Je limestone with tlark- 
oolmircd iHAiu. I stones. Ths limestones have yielded a number of 
fetasik, among which the more typical »r« Phohdonu/a, Corinth, 
Tngo»tiu eextlata. -Vlicufa, Pectrn, Saulilw and some Ammonite* 
This stage in regarded as honioUxiil in positiou with the Chari 
scries of Cutely 

The Ja itml in it Jimesttmo is overlain by » series of rocks which are 
rafbrml to throe distinct singes in mjcce&iion: .4W frerfe, Fariketr 
mnthr.vi i a and ihtdusae bed*. Tb e rocks are rod frrruginnuu aam I - 
slotte*. succeeded by a soft fckpathio Mudstone. which in turn » 
sueietdcd by u group of shales and limestones, ammo of which are 
Ibeailifaratis. 

Dr. Ln Touohi?, of the Geological durvey of India, lui* imeignod 
a V'?ungcr iCtotncooits] ago fco the lkilmir bod a* mainly frqm tho 
^vidende- uf the diootytedonniiM ptuu fo^ils which they oantnin 

Jurasnio roek* arv aJsu imposed in the southern part of Itnjpu* 
tmu>x, where a scries of strata tearing resemblance to the nixivs 
directly mid trite XiimiinJHth: *h ale ted * uf Euccnu ag&. 
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THT OKETACKOTO SYSTEM 

Varied facies of the Cretaceous* The geography of India in the 
Cretaceous period — No otter geological system shows a more 
widely divergent fades of defHJiSt* in the diflfanjnt ureas of fndta 
than the Cretaewm and theta are few which ©over m extensive 
an area of the country ju? the present system does in its varied 
forms. The marine geoeyndhta! type prevails in the Northern 
HirmduyaM and in Baluchistan; parts of rhe loromandfil coast 
hear the records of a great murine tranj^roeaon during the Vem- 
minion Age. white right in the heart of the Pommuila then' esiats 
a chain of cititcrops of marine Gretaewus strata along the valfey of 
the Narbmla. An estuarine or Jhivml Hr facies k exhibited in a 
series of wide distribution in Madhya Pradaeh and the Deccan- 
An igneous facie- in mpresented, en both its Intrusive and ©xt. ni¬ 
si ye pliJistv-, by thn records of a giguutd© vulcanic outburst in the 
lYnjiHidiL and by numerous intniHiom* of granite h. gobbros and 
oilier platonic roob in mmiy parts of the Himalayas* Burma and 
Baluchistan This ImUwugmwms ooiiatitiiLjou of the Cretewms 
is proof of the prevalenteo ©f very M versified physical conditions 
in India at the time of its formation, and the existence of quite 
a different order of geographical feature* The Indian Peninsula 
yet formed an integral part of the great Gomlwfum cent incut, 
which wo* s+_ill a more or less continuous hind-urns* stretching 
from Africa to Australia, This mainland -Elided the ae*s nf the 
south and nasi front the great ceutmJ ©casn. Uio Tethys, which 
kept ilH hold over the ciubt; llamahiyaii region mid Tibet, cutting 
off thti northern eoutimmu from the southern henuapherv, A ditfp 
gulf of this oceujned the f^xh Kuago, Western ftind and Buhi- 
vhistan ami aveiwpraiid Cutolu and at one time it jwmftruteJ to 
the very ventre of the Peninsula by n nanvw inlet through the 
present valley of the Hurtado The aoutliem «?a at tin? sum© tLm* 
eitunuii lird on tJir Gimmanriid fltmat* and extended much further 
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north, ovtmspmvhng Assam and probably flooding n part of the 
I pdaGnngetir depreasum Jt. m a noteworthy fact that no com¬ 
munication existed between these two nous—of Assam and thi> 
KarbEido valley—although eepivratad by only u small distance of 
intervening Sand, 

While such wiLd the geography of f rest of India towiiida the 
end (if the ttafcawoiia the nnrth*wcist part of the Ftaiinjmh 
converted into a great oentro of vulcanicity of a type which lia* no 
parallel among tin* volcanic phenomena of the modem world. 
Hundreds of thousands of squarv miles of the country between 
Southern Kajputmia rind Dharwxr, and in breadth almost from 
coast to roast, were in undated by brain lavas which covered. under 
thousands of feet fif basalt*, nil the previous U biography of the 
country, and converted it into im im intuit volcanic plateau. 

We shall consider the Gratae*oua eyistcm of India in the follow 
inp artier: 

(i) CtektczmwofiAt Extra-J'rnin^nta : 
tUniHluynn Rvgkmfl. 
hS in r I and BaliurhiAUm 
Sall-Kctriife. 

Assam. 

Burma. 

id i Crthit'xfrit** oj tlu Ptm-Rjuln ■ 

Porlim* tided Cba#t. 

Narbada Valley. 

Lameiu Infra Tmppoau bods. 

Western India, 

tin) Dtecan Tmp. 

CRETACEOUS OF THE EXTRA PEMKStTLA 
Northern Himalayas 

Spill; Giumal sandston*—That prominent rpjtfr Jurassic foe* 
ination, the Spiti ihdii^, of the northern ranges of the Himala yas 
constituting the Tibetan torn of Himutnyim ctmtigraphyi is over 
lain nt (i tmiTibcr of places by wllaw-cnloutcd dliccottii sand^t chips 
and qtt&rtaitoi known a* the Liiuiiial sandstone. (See Fig, 30.} 
In Lfif gpJti iin-a the Oinnuri *r*ir* tm* a Lhjctness of about 3QQ feet, 
The deep and dear water* of t he Jurs&tfrr son* in which the grent 
thidmaav of the Kioto limestone wa* formed 4 luicl ibaltowod per- 
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ceptiblv during the deposition of t\m Spiti shale*. The BhoHoiring 
ht'iunin ranfw marlin I with the deposit? uf the next group Mmudu- 
ing fo&\\* of Nwoomum ago. These changes in the depth of the 
sea art ilucenubte fl£ much by a change in the elmnmters of the 
sedimoijis m by changes in tfie fnuriAE that -ire preserved in them. 
The deeper water organisms have ciwappcnrod from the fiiunud 
fatuitt-H, exonpt for a few colonies where deep locul boaim* persisted* 
The fossil organisms entombed in the Ghnna! sandstone include: 
iLumellibraitchaJ Canlinm. Oihm t Qfffph&iit* Pwien, TefitTW*, 
itaiufmiumotw, .JrM. (Tdrfcfff, (^cizffacu, Fap**: (Aramonitaal 
litikwttefhmmi Amnlhodi'Svtts* Ftn*phind*#, HoptiU** 

Ghikkim series Flysch—The diurnal series is Huuceoded m the 
artful we are coiiBklermg at, present by a group of about 2^0 feet of 
white hft»m ionM; ami -hales. Foridifa are found only in the lime- 
eftonoa, which under! iw the sfjtt!en. litis group known as the 
Ghikkim mrit& A teniu a IjJll of that name in SpitL The CJhikkim 
^rEe-- j> also one of wide lirirhontnl prevalence. like the Spill 
shales, uulcrops of It being found in Kashmir, Hazara, Ktmiuorn 
Tibet, Afghaidstaii and Persia, Tho fowls that arc preserved in 
the Umustoos arc lmgmente of tbo guards of IMeumiltf* shells 
of the pmiliar lamcliibraiiLb genus | belonging to the 

family f?Wi±tot) and a number of foramiidfurs. N&hmrvt m 
Cmfe/To/iti T !TeriiiiBiia r efce Pp congeners of the fara- 

mhlifors whuM-’ tiny abells hui-r contributed to the chalk of Eutlijk?. 
fn the amiH Adjaeunt to Spiti the Qiikkim neifles+ ia owrlain by a 
ymingor ^■rie?? of fhtstac^u^ ri>okn-. ocun posed of a. great thiaJa»v.i 
Of tmfaflHi&tmft n&wL-Uoiri** and ntmdynhaTr* of t)*fc tV^JC to which 
the mmc iif Fly*ch l is applied, (See Fig, ^X) The Cretimeiui* 
IlyBCh gives further evidence of the shallowing of the Tethya mid 
ite rnplfl filling up by the marwr littoral di/tritum With the Spoil 
deposit the kmg and iinInt*mtptod geotrynclmaJ conditions ap- 
praaclwd tllrfr rmd F and ifm * hikfcim aeries may lie regarded a- the 
Iasi Legible chapter in the long history of the Himalayan marina 
period. The fiysdi depiant* that follow iii mark I hr- gradual 
emergence of land, nnd the receding of llu* * bore-line flirting ami 
Further north. Thu Himalayan continental period had already 
begun and the fir«t phase <jK its uplift into the loftiest mountiftilt- 

1 The lyjri«i#J 1** Tmrtutf)’ ftamAlurn Jtwitiin<j p «ml n rait]|wwi 

mainly vf -oft atuuhtoruvi, nwk aii"l| aundy a «i.jh ninl of tha 

jujijjiLry, Iu n^» k UtloKwna, Ki wiiU raiv ut jWjiI 

Uot ■,, Imiapvrf, *Um^ L, uv BEtnikT ■ Ui^n* in r^hsrr n-?*=J 

u 3 ‘ latuir agBi than Efrttft* &r OligtK«ffi«i. 
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chain fcjifi wurli I mnirnrmiil, nr wnu« <!*ml 1 o coKTttrefti'''. 

In thr genend inMrini of flip IVthys ffirni tIt*' Himalayan pro¬ 
vince lit this period, mattered i«i<in* urir lefi rst u Frw luealltieo, 
t.if. m t.cntro) Tibet, Him dr-* and I-i-lakh In ibisw mvhh I hi* 
tioa re tamo* I its hold fur a time, and laid down its chmWfitcnsiiG 
(IciHisiiM Till about I'.hu middle of the Eo™up. when I'urlhor mistol 
liefonUntions drove buck the trace- ut thr- *tui from (hifl part 
of the earth. 

The Kampa system at Tibet—The geological com position of » 
hrpi* area of Central Tibet, lying between Ladakh and Shigul*;. 
is now known from tlic rack mid fossil collections brought by Sven 
Hint in, An extensive spread of CeiiomanLan limestones covers 
thousands of srjiiarp miles of fim rntdatv. umivi-Join hy Giumid 
dm id :i tones (of Neocomian nnd I inn It ogej and the shales and 
sandstones of Spiti shall* facleaj- The important Cretaceous JbfflfU 
occurring in these limwtonss are JRrar-nhtiaHit*, Ht- vurai *jKscie* «<f 
Orbitoliwi and CkoffaUih. Tins vast cov. r of Ch«tft«ous roots 
support:! in the south a wide extent of Eocene rock* (A'«wpo 
itf/Otm) and post Eocene acdipionts, extending from (Jnrtek, to 
the north-wont of thaJUanaowo war lake, to the vtatnity ufGyantHe. 
In the north of this area the Cretuiwns cover support* patoliw of 
newer Tertiary and I’lcistocoue sediments containing urn ran in linn 
bones mul other rrnuiina, 

Chitral—lu th arbitral *wa the Middle Cretaceous is trpnsscnited 
by Htppuritci limestone and OrbitotUr# Limestone in nttrrew faulted 
bantis which run along the general si rite of the country (N.E.- 
S.W.). Theao pans upwards into the Xethun cnHijtantn-nitr ot 
Upper tJret&woua nr Lower Trrtiary igu. 1 

Further evident of the distinctly intrusive nature of extetudv* 
belts of granitoid, gneiss of the Central HtimJD Wt Gltei* fM« 
has been recorded by Tipper in Hiitral. Nameroiw bexw* of 
granite are found to huve invaded Mesoaoic sffnrn in ™uur ™iwa 
ill fern id, mi Iu&hII evidence, to bo of .lurusaic 

Cretaceous of MaTi* Jobar, Kumaott 

*!(K>fwtnffliu ilia LnuiiJh tone of the usual compost ion an* overlain 
by ftfemwite shuto wul % Mh type of sediment*. The more i i itw- 
BSting Oretswnui* doveiopnjMit of this area, hturpur, i» a 
thidimM uf vole a i lie tuffe and breccia which contain. embedded 
in iht'iu, blocks itud large moose* of eedimEiifcay reek* of varum* 

* Cr. Hi TiJU^r, ittr. tfJiJ. vot tv. p. 3 &. in* vuL let, pp. + 4 - 4 S, I*-*. 
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ranging from iVniuan to ('rtiLaeftiim-. iSci? lx*Imv_ Ksot,ir 
Bfottk* nf Jnhnr. p. 273.) 

Plutonic and volcanic action during Cretaceous—The history of 
i fiC 1 ! Inttfir part of tho OretaiiaoUii u^:-. and i.In. s thsl firllowd it 
immediately, is full of the proof* of ui-h spread ijzntioiJB action on 
a large smile, both in it* philonir a- well ns m its itilrmrne pluus+s. 
An linDcnBP ijiwntit-Y of imigmn ura* intruded in tho preexisting 
strata. an n'rll a* ejected at the .-tinfaco over wide a™ in Balu¬ 
chistan* tin 1 Hortli*Wwl. Himalaya*,. Kinnucuj Himalayji* tttnl 
Dtmuu- Massto of granite, gabhroti and porkiutitoR iuL through 
tlie older robks in and vein&v beoeditoa and l-JJ_Ih p while the 

products of volcanic action {lava-fiow^ and .i-h-in-d -1 Lire in mid 
iutorsf ratified in the form of rhyolitic, ujidcgiUc nnrJ has-dtie java 
sheets, hrocci&B and tuffs. The ultrabnjjc, perilf ■= ! « iLtrurdons 
of these rmd filighUy atibseqtietit ages are ju the preterit day found 
dtewil Into aefpe&fcfoc-masse* bearing mmo useful AOQ&sury pm- 
ducte lknl have been separated from them by till? prO^-v- of mag¬ 
matic segregaliud. Of t!uw the mewl important are the ahromft* 
amuses in Baluchistan P ihr aejm-jiredot^ fninend jarlcib 1 m Bnrmn, 
and serpentine in Ladakh, 

A grvat proportion of the gmufte w hich forma wu6h n piwnment 
port of the cTy r fitaIliiir core of the Himalayas, forming i-he broad 
central belt hat wen the outer Tertiary %untt and the inner Tibetan 
rAftw, is algo tentatively referred* hi a great measure, In t lie igneous 
•WSUrfty of this ago, Throe kind- nf granites, as Hinted bftfore, a • 
recognised in the? Himalayan mitral ranges, th. Motito-grants 
whieh h< thn mmi widely prevalent, hrymblonde-gniniie and mnr- 
uialijir gninitr, biitii ia quite p/nhohjr that ill the ihn-c- have lieeii 
derived h p v Ulo differeii Elation of one onginally hrnnopmeoas 
magma. 

Ah will l/e nliiifled in IhUt* ihis mitliurjt nf igneous forces > 
emmacted with the great phyeion-geognijihictil mvolltitioiw of the 

early IV [iiaryptmtah rerolutiuriH which culminated in obliterating 
ihr lelliyit irom the Indian region mid the covering off Iso Indinn 
Petiinwila from the 1 min- African Ooudwana rojutfnonL 

Alpine Mesozoics in Kiuimcm 

" Ewtic " Blocks of Johar—AeoDidhig to von Krafft, the 
rec<mi ( i cif no extra^diiiary volmnic phoTionioiRr^ii are witnessed in 
eonneedtin with the i “retadeourt rocks of the Kurnnon Rimalayo^. 
Lying over thr Spiti ^imleh und CrehMnous rocks of Jnhur d on the 
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Tibntan frontier of Kiimmin. nn? ft cumber of deUdird block* of 
■edimeiitary rook* of nil *ir^ from ordinary boulder* to block® of 
the dimension* 'if tm on lire hi J hunt*** Th&ae lie in ,1 OOitfasotl 
pell-jrivl! Dimmer, in all sorts of stratigraphic dixcordanra. on tfi^ 
underlying bedt-:, from tin 1 evidence of their cmtfiinod fn&sil* 
throe block* At? found to belong to almost cvtiry Jger from early 
Perm inn to the nowi.^f < 'retarrons. But thcr fnseib tnril final hr-r 
more curious fact that Lbifsu rock m a won dp m«f lielrmg to tire 
or Himalayan fneiesi Of deposits. hut on* of an entirely foreign 
facias of Perm inn, Triaasic and Jurassic (mrue allied to the Atpim- 
fatmietic province) prevailing in a distant northern locality in 
Upper Tibet, Such a group nf ” exotic or foreign blocks of 
rock®, out of all barmufly with I heir present etivinininttnta* were 
at first believed to be the remnant-> rut* denuded rvoumlnam fohH 


qt were ascribed to faulting. ami were oonridoml a* to 

the M Klippen " nf the Alp, But from the eirenmsUnw of the 
dose Msodwtlon* mid sometime* even inusttnlxing, of tlnw blocks 
with great inu®si 3 « of early Tertiary volcanic pfiMiticb 1 li«k.btt*4ih.fi 
and anderites* an altogether novel method of origin hit* boem 
tiliggestetl. viz* that tbo» blocks wen* tom by a giguuliv vnhuutici 
explosion in North Tibet {such an is ponnveted with the production 
nf volcanic togg\oam*tm ami breccia®) F and ptjhscqifiWlily tr-ntH- 
pried in the lava inundation to the positions in which they arv 
tji>w found, Tlio mode in w Erich these blwks are scattered lit ooii- 
Eased disorder is not. in disagreement with the above view of their 
origin. Those foreign, transported blocks on the Kumnon frontier 
are known in Elmdsy^n geology as the exotic blocrka of Jo bar. 
Similar pbeiiomens Me recorded in ftome other parts of the 
Himalayas ns well. 

In view of the n&ppt struct urea lately observid and mapped. hi 
the Kashmir. Simla and G&rhwal HimnkiyaSi it appears highly 
probable that the Malta Jubar bkxdm, some of which are found 
budding 1 1 sc tope of prominttnt oiountaiitf. may after all prove *j> 
hv tectonic phemtiionii nud have to be regarded at= the kbpjv^n 
they wore once cuiijeeturcd to be, the savored frontal rmh of 
nappfr nr horfaan Sully ! ing fold* whone main bodice have twni 
denuded away. According to Arnold Heim, thvw exntk 'tw 
of JoJ im not only occur ju* isolated nuLacg but alw? form *™ct-U r c 
expanse* covering nevsral actimn* miles of mountain™* country* 

* AtneAd Heim, llitMfLwM Jwtrmi, ii- P 4i+ ; Vr ^ A ] A ^ ILi^v 

ytfurr, v^i] 1Q4, p, Tfl2, mu 
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Kashmir 

If ihr account of the .Junuwici system of Kashmir is meagre, that 
of the Cretaceous rock# is still more ko. If jh only at a few locali¬ 
ties that rocks ttd ringing to this ay stem have been discovered; *0 
of those lie in distant mdrequentod parts of Kashmir, cither on 
the Great Himalayan nmp between the Rur/JJ and Deas&i or in 
tiie Zunskai 1 range in the Rnpuhu proyinoc. The great rlevelop- 
monks of {be Crel-scemie rmk$ of L>piti and its surrounding places, 
the (ihioidI sandstone, the Gl^ Mfa limetitona and the enormous 
flyarh-liku genes, hiive not yet Iw-cm reqarcted in Kashmir, though 
from the fml of their occurrence in the ivestem province of Hazara, 
it is prohahie that these sorEes may have their pamlloU ill the 
^kiirrfo and Ladakh proxineon of Kashmir £11 a few attenuated 
omea-ops at least. 

The Chikkim series of Bupahn^Zitiakav—Two or throe 1 small 
patches of Cretaceous rocks occur in Rupshu which conttspond 
to the Chikldn] series in their geological it. la (ions. They are com- 
posed of a white limestone, as in the type area, forming soma of 
the highest jieaks: of the range in Ladakh. No fonstk. Itowevar, 
have l>een obtained from them hitherto. 

Cretaceous Volcanic Series of Aster, Burzil and Dras 

A hiuhly interesting group of VtiTcAELLc milks —Inminriled ksh- 
beds, tuUs, agglomerates, tx&tm jiggl-ma emtio eoqglnmeimtos and 
bedded laisahjo Inm-flow^. asfifGmjLlJMl with marine Cretjuflaoii* 
linieatytics on the one hum! mid with a t.iricd group of acid and 
banic plutouh intnfcLVra—granites* porphyries gabbtt) unci wr- 
pen Li m,—on the Other, lues lately been ilistmwd during tile gw- 
logical survey of Kortli Kas hmir - 1 Tlu^ p ‘ rodu* are folded into a 
synclinal trough lyin'? among t he SidkJioJiL-t, extending from south¬ 
east of Astor t.u be von 1 1 Dra# P t ra versing t ho Great Himalayan 
range at the baud <if th+ Burail taJJcj in a t_-mill--wide* outcrop- 
Tim stratified vulcanic .^vend tluna unci fret in Lhmkn. 4s. 

eon tains nnmeruii^ Miiluiumbry layam and ircitceiilur juU'rcala- 
tiuns of fo^illforaiM limestones and kiink^ with forsmiiiufcrv. hun- 
ellihmnchs, giintrojaxR njmjioiute* and tsonUih among which the 
host prtwrvod fbaailg are tht Cretan u* fontnimifer OrbipMm 
{eL O* htthjitriwy 

Fully half the hulk of the Rurai I outcrop i« occupied by intrusive 
1 D. If, Wiwlio, 03 J, mol. ImiL pi. it 
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hambleiufe-gmmte, which \ut> pcntitrstwi Dil* basic vdwmirA in 
bathyliihs pmd m anriiitomueiing ami vfiiip. wliilo rm#-*- 
flivfl stocks und tx*we of pjroimiiif* (cimvwtrtl to *«f|»ntln0) 
and gftbbro »ru of local prevalence tit various. points in t ho 
mittfrop. 

It in clear that the belt of tho RorHilPraft Cirtacwus TOlcanln 
aeries i* in stnulunit continuity wit h the wider deveiopim-nt oT 
tlsti Lower Tertiary volcanic* oftiie Upper Lulus valley oF Ladakli 
arid Kamil, and ctmatitntea tte iiortit-wf«t prolongation along tire 
titrifcp. 

The nicwt interesting of tin* we an' now considering 

the injection of fowiliferoTW < 'rpijM’^yits wdiinfsiit** by a gmftit€\ 
rii3C of the tbnH’ vartctica of ^nmmon Himalayan granite, vrhiNu? 
[Rist-Crot^e^Oii& age ifl thus settled beyond doubt. Thin - 
ovartprtwfe a large extent, of the country trom Astur to ih*? 

Deosai jplatesiu. . 

Ladakh— Drew has recorded the woitttetuv of HippMntr l«n*- 
ntoni-V of CretatJCOufi age. in the Lakrtung range of mountain^ on 
the fnrt hmi northern boundary of this State, .Another mdleat iun 
of a Oretaeeoua formation in the Ladakh province in fumhduyJ by 
the diMW} # of th© IretaowuJf kn* it. tfrypWi et u 

place ii.irood S*|nft,on Die mod from l^h iihc l#adak 3 i cupitati tm 
Yarkand, from a group of o^owaops *andrtoncs. Stohexka ha* 
also recorded tlie occurrence of HippuritM ab&Hg in fome parti of 
the frame urciviuiw- It is probwfcito, thenaforv* tlmi the di-tailwi 
examination of the country by the Geological htsrvi-y which ts at 
pN^'Efcl ill stfevam r may disdiw » neJl formed i rt 3 t^ :eoua JOuJlB 
in these parts con-dated with the Spiti and Haaarn < irtawouB. 

Middle and Paper CmtaroOiis pediment* eontmnuig Orfniohua 
and liippitrikfi are met with in GMfcniI underlying the Jtrtmry 


ikudnm congioinemto, . _ . . ... 

The Ihitik pile of vulumio ejcctementa, tlrtenW above, with 
mtmalnteii sedimentary layers ftitd lenses of limestone ^mtsi nlng 
omdirn unci .It her furwrnmlfoiw, wiftla. and mhiilntfl*, rttW Irom 
uf Atiia t uj bc^owl Dr®* in U4nkh. riii ^nm ^l «hro- 
mite in <u»od*taI witJi Oic *abb» and tmp/ato* kj™"* J?£ 
the ^riew. Thf-ri' m U>™1 oonconlTHtlon uf chwiniU’ tnt.> wuH^U* 

.we nui«flert w hide be <’f MOMnh- imtKirrctriwi in a more 

ameAsiblfi localitv. Tlii* is Oil- tn*rtli-fH oxl-'^nm .T tin) h^A 
put of t\»- r.mdi more astanai™ tone of Eoo@* 
trtnriii.- setiim. ntn of tho Indus valley from Kjtr S l1 Ut Hjltlltr 


27 H 


QE 01,00Y OV INDIA 


In SJS. Ladakh |p.310)- The vertical extent of this cliticvolcanic 
secios several lihouftftinl foot mid m its width the belt is 

ftvv.r 1 m 2 niiltMi acftM tile strike w here it is imver.-ect by the BuraJ 
valley- Dulcrite, gabbro and pyroxomto meauM Add stocks, 
I^Hhvr with biithy hills of liunibjende ^rfliiile. mv injected into 
thorn fOokfl urn! have given ride to n varied suite of alteration 
produoba. 

Huan 

fiiTjprerfnLativea of [he fiinmal sand Atone are found in north 
Ifnznm rapping the Spall abides in a group of dark-coloured 
clone gminiHl. massive AAruhtonft^ cttluarcfona atralttf and shelly 
limestone^ con tail ting Qxtrva and Tritjtmui. Hio G initial siiiid- 
atnnu pus*as up into a very thin arfitmodeua UiiMifttone only aoine 
)0 to 20 feet [hick. but containing a auite of fossils pcttae&uiig 
affinities with tin* English GtntU. Tfn- leads hie fossils are Jiriimun 
si.es, of typically ('retactrou^ genera! like ,-f ainilfKurax (in great 
numbers), _ I tn , i/lotr.rfLf 7 AtiMQAt-ra# r h Hamitc*, liarulih^ 

etc., tJsfi luM.er form a being uhamclcnsed by posgesaing uti iiucqiW 
siwiIL Hi ere are aW> many Bt'I*witifc remaina The Creteeenus 
litm^kmc is overlain by a gmtf- development, 100 feet T of wdl- 
boddral grey Union tonL\ ru corded by Hmcatonc* of the Eocene 
sydiniii—the X numiulit ic Limes tom--—much the most i^EiRphnioufi 
rock-group in all ports; of the Ejb 4 K(ifa pRivitUM. lit mmth ffaxara, 
ihu f: tuIrani sandstones. vnih iViV/oniYr, fuutt upwards hi U* nond 
stouts with h holly limestones of AJHun age. Theme iiir overlain 
by Xummidiiic limestone. In both north nml so nib tDuEJim, the 
junction with the Eomtio h tmocrnfomiftbla, marked by a layer 
of Jaterite, 

The GiuiuflJ strict ul'to occurs m the Attovk district; in thu bar* T 
perfectly e-ypost-ni *uuih face of the Kale China end Murgda hills, 
nmr Rawalpindi, overlying the %iti ahafo, are about 100 feet of 
cduwuu limed tones. green ^mdutoni**, and mar|« t containing 
ammonites of Albion age They occur in vividly coloured sharply 
defined bunds find the oil tempi m-rv« to define i lie eun*prey'd 
JintmUnid tlexur* of tin Xuiiiriiidjlife tine Atonic of those 
ranges 

The * biidt. or (tjunud Airies , lias also 3 hvji ob.servrd w it lb identi¬ 
cal fosdl mnnitftiitptt In the Kolia t district mid, in it isomowjial 
more fully duvdiijwd flequMioe. in rmige It ia there 

iiEjdarlnin by a lower Crctaceour> etage with floic^Pphanm. 
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Stnd ant! Baluchis tau 

Cretaceous of Hind. QardiU beaumonti Iwds -Upper UndaotoH® 
rucks uidio^ting tlio CompMiijvii and Maestrichtiau horizons (Upper 
Cimikli jl io developed in riind in on o locality only, the Loti range. 
The bottom bode aro about DIM) feet, of whitish limestones, contain 
mg oohiuoida like Hrmipnttosi&f* Purina . ftml a 

number of mniliuic*. Among the latter ih the gem lie ffippwrim* 
ho characteristic of the Qrotaooous period m nJJ parti of the world. 
Thi* hsppuiite Itmeatona i> i\ focal representative of themuch more 
widely devdaped hippnrite lijttflstonij of l^rsin, which is prolonged 
into south-eaHtoru Europe through Asia Minor, It w succeeded 
by a group of s ands tone* mid ahulos, often highly ft*rruginous, 
■mine bed*) ufwhich contain ammonites like / PazAf/dwEM* 
Efttutite*. SphenoditcuA, isrv These lire in turn overlain by fmr 
^ivl'U aftmAOtsoiiS ft lirtL rn and mudstoneH. usjfo^iJiferou^i jiihJ of 11 
(] v^i'h tvpe. mi iJiitni^ rh givat t hiuLi ii>^.-. An overlyilly group of 
nnn^lftfiQ^ is known a.*- tin Pub J’be top l^i” nf thin 

sand Alette consist uf olive-coloured iHlmles unit soft gjuid^tcjm^. 
the fnfniLsr af which are highly fuAdli&roun, the commonest loss si 
being C&rdita hwumoitJt , a Lmtollibrandi with u highly globoee 
Mihail. Tills gn j up is lionignated lie CtmUia h*mmmii btd*„ Oth it 
fowls include Ijjfrstf,. Garb a to T €fjth***.n. \ T \tn\ktto. A u/i^a; Cnryp* 
jthgtlia* Smihtfrnrht^, and Other corals : cehinodennfi : and some 
■ t riuiiffri of vertebrae 1 belonging i o a Kpedcu of errooodifee, Un? 
Cardit* beds are both with a* well n« ovnUin by 

fthittt* uf Dcecan Trip Walk, oms baud of will eh Lh nearly 100 
fret thick , of Muygdulitidal h&*n\\ The age uf the r&nlitu ijedw. 
fmin the affinities nf their (XFiitaiued fossila, w regarded os upper- 
mwt CittUKia (Banian}. 

Cretaceous of Baluchistan—TJus Cretarooua sfsusm as found de 
wloped in Bj&lfttiiiifU in on u much mois- scale than in 

Si rid, covering a far wider extent of the country and attaining a 
greater thickne-- Ih t hi.* urea, mon>i>viT, the Lower * retacecuia 
horizons of Wcaldim and tiremsand ages are uktt- repreacoted, 
having lx?ow uecoglifctnl in a of shale* and Imu^toni?^ rest ing 

iijion the Jnrn>^ic fc rb< k ks of Ba|iiehbtaii r Iloowil rffljwttvely ^ the 
and the The lower, bOmnm^ 

Ih^cIjj atv n m*m$ of bfuck dudi^ crowds! with ihe gmpda of 
b^lcmhitc^. They ^ overluin by a nunptauouB tfiirk mm of 
vmriotiaty floured ^ilictNin^ Jicmsttoa^, ITKM^ feet wi thieknc^, 
extending from the neighbour bond of Karachi Io beyond Quetta 
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m ulinrml oiiiil inoon* u Li temp T7 ji T'nrU liiiLetfnme 1- in ihv 
lu.iin I'AOi'pt foi » fctti 'hrlk I ■'/. //ij'>- 

pin'M, mid iKimti mmk. 

The Upper I 'mUi&ww wquemce of BuluahktW with a Might 
uriimi forth ability mi thr ’/rode*! surGiot* of tba Piuh HinraUmr. 
Thu* MiHiuen^J k broadly diku in Sind and EWacbMl.au, ami t)i» 
.uomint given above applies to both- In Balu^kUt-tui,, hnwovfjr h 
iltr rlj -nh dcfvrssi itn found dovoU3|WHi on it Jiifgur scale Uinn In 
Simi h uml form it wiilnr rrx| p«. n!*■ the Qtri)ll^{f^ They tire dk* 
tingtiijilied a/i the Ptih mathUm*, From thv. PoL range to Balunhifltftn, 
Tbd upper bt%ik of the Pub Aumktimr uro the iujuivulent» of iho 
Carrfiiii bmwwnti bcdn of Sind, 

That Upper Grata* 0 'Hin of both Sind mid BalucJiiMiin. c*pe<JiHlly 
the fhrdiUt bttmmwti huh, Lh largely aMOi-taU-d with vulcanic 
tuffitmid Imulto, i ho local Ftiiirr-^mtativt^ of the IbKHun Trap* of 
thr Pantos til*. In Balutdiktari i hum itni td&> largo lnv^^ mid 
dylu* of g^lkbn.K and uihrr bikiv ploiomf rocks piercing through 
struts of this ftge. 

it should \w noticed that *htj upper part* of the Unis* bad# 
bribed with the Juranic rook* of dutch lira nf Lower LhvtAcroiitf 
n|i?—Weak ton* 


Salt-Range 

Thv f'ralMfculm xyvu-m In rather toonjjspicilOiiMy developed to 
the eb-tndun Sidfcdftojige, tho principal fWilLferoiiii outcrop* being 
tieyiindthe Indus to tto-iftlchali bills, Mnkcnrd juni around Koto- 
fwigh. Only f Iw tower ( 'ratanmiirt is profit ; the nick*, d insist ing 
of whito und yellow nnd #hulk *i with o lineal nUi gr of 

blurk und ^iaucozuLlc ttitndy murk, tktvmnik Mu/e, rest 

upon the Jonuttto inirl lilt? overlain Ly tie- Eocene A rich Ni^>- 
fautin of c 0 pliEilopo(b ahanuU^rim^ r}ir- Imli/nnite hvd*. 
Thi* prjnri|A'i! getiera lire Sfiko^kphanuA (vaty (kUninon)p «S>iVi- 
<*m*i , AVohwi itos* Bl ci nfonlitefiW' Jteh m noftti* , urn I //ito/iV^ 
■Soiin » k |itiliAn siufl ii^h temfiim togtitlmr with fixotfi/rti , Fftten, 
Pholttdmnifit und u tow other molhu^s .ire o^aQiatcd with tiii^r f 
Only th* Lowar Cnrtai»viis up to the Alliian n- preeont; tite Middle 
and 1 pfwr * «ati.-uit- is mi^in^ from the SriJt-Rnuijjc area, the 

jtmetEon wnh the nc?. t tilirc™Jidg ifanikot ^.ngo of tho h'ruvrie 
(Thaneti&n) bo tog u marked hiatu# p denoted by a bed of 
Utorite* 
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Assam 

With Eijt' r'JCLyiptiOii uf a Harrow bolt of Intern ip tec l Lower 
(JondvNLna out 1 Top- - : stretching j'n h u D&rjoulmg to the -Visor 
couri try, tlies fcrtsilifuitjus jscdkmmte uf Ihe Assam n^ioo 

belong to IHo CreUoiaotiB system of deposits pmminimily i4wn in the 
^killnjig plateau rcgidh, la Lki* am. Cratomotifi sandstones lin 
ori an riwgidar surface of ShilJontj tputrttite& in<3 other metam^ 
phic rock* The basal bed lk immllv ah irregular rnugbiiioflito 
tdltTls.ddcd with aaiiibioue. This is full, meed by glauconitic 
sands ivnd a p:de-criloumi cjirbuu&oeoua ^undetoiirc which contain* 
plant remains There Is much lateral variation and most of Lho 
■::IiieLhLoiic 4 *rt unfosarliruiDijB, but below CJicrrapunji there lia* 
breti found in a furies of mnaalve ^nd*tene« (JfaWei Mf*) 
i 1 , l*fge fauna indicating u C*n otnOTiao horizon The tilling 
gem-nt are Gryphtua* 

Nrnfa, Spondylm. hm'tramu*, Vohi r Cfihimys, tyria, Ruxtrftaria. 
Ttirriklki, etc.* together with nuuiv plant remain*. The organic 
remains of the* g y i ' uip of bed* prove thole ldmlilfy with the much 
barter known and tmio 1 perfectly studiedCretaceous of the south¬ 
east coast uf Triohhmpcil>\ 

The Chirm xtuidtfmt, fommly rugardpd as the upper part of 
Ohj Cretaceous, m now thought 1^’ tho lowest mcmbcrr of Die 
Eoceno (p* 388 J, 

Oq tin Shillong plateau (whirh mdudes a IiiEgc part of the 
Gam bilk and of the Kiu&i and JuintiA Jiilb) the Cretanm And 
tivtsrlytitj be*k* mr iteflrly horizontal and fdrto dirndl ucattcred 
outcrops, hut dung the southern edge* uf tho plnteuu Iho t.cetace¬ 
ous beds are nearly 1000 foot thick and plunge steeply «out!iwl«to 
betuw the Tertittri^ or into iUpiiilH at the fuot uf the plateau. 


Burma 

Tn the Amkan Ybma *>f Burma, md in the aoutbwHfd oantimia- 
tiem of the same strike in thfi Andaman IhIjiiuK t* futtim A laruo 
LhidkUflBtt of beds which are at least in part CreiMOiH 
Id the paucity of fossil* anti mir lack of knowledge nf tin 1 complex 
Amkajt Voma country, the idossifteation of tin -e Mn in iimwtmn. 
The Mail stri** ia largely mdtftOne and dark hut It includes 
an lugilluecoua UrnestouO with Sr bin* nMln inflate*. '1 h- 3 
Mdfl* IticftidAS ^ndsUiutt? unci fhftfctti 9OTU**hAl midimiurpW'd, 
m I idviaiy a Oyseh deposit tTiat oif Slid P ItalnchbstAii, 
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Hit* upffc'nuo^t Cretaceous oonl.HLJiid Ctm'Hta bcaumonti, ftiso 
duLracteritUk uf knii in SiuJ 'iinl HflJucbLutftn, 

Amott t; lh*.' intrusive rock a of Burma urc ihiikscs of 

travorsfll liv vising of fluid to, whidi yield the jjuloite 
of tommem- for which Euxnus is faujoun [|-. 484). 

Cn'Jm'^pLi- rock- Imvo huly inxm found in the Irrawaddy river 
tfoflJa near Van bo m Upper Burma, containing ujjutiua of Orbitottm 
Allied to 1 bw owtlfrinfi in tha Cretaceous of Eastern Tibet, 
This suggests* tm extension of t lit- Cr^tacoous aua of the Tibetan 
tone of the Himalayas into Burma, 1 
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CHAPTER XV 


THE CKETAQIODS ST STEM 

PENIHSULA 

Upper Cretaceous of the Coromandel coast 1-fij.tr Cretaceous 
rrrck.s of the south-onst coa^t of tlir* Peninsula form *mo of the most 
interesting fismntionfi of South India, nod have liccn atudtrd ill 
great detail by many gcoFogiute and ptidMOntologint*. They are 
a relic of the great marine tmragremion of the CSonomanian age, 
whoso records lire seen in many other port* of I Fie world, ttfstdcfl 
the coasts of the (londwnnn continent, in India w* well us Africa. 
Three small inhere of these rocks occur sunrmg the younger Ter 
tiurv and jwat-Ti'rtiuiy formations which cover the owt of 

the Pen insula. Their bottom Vied* rest either upon a hawment 
of the nncieni Archaean gnuiusc- or upon the denuded surface »f 
sonic division (if the C|iper ClondwnOii As is Btiml with ileposiU 
formed during tnnsitory inroad* of the sea. i» itteutiuned in s 
previous chapter, tint dtp of the strata is towards the sea. Iimec 
the outcrops of the youngest stage occur toward* the «s, while 
the older beds arc hccii more towards the interior <d the inaiiiFuiid- 
Interest of the south-east Cretaceous -South of Madras tW 
mdre are v_\posed in three disconnected patches. ill which all tin* 
division* of tlu> <Tutaosona from Cenomanion (Lower Chalk) to 
Daiimti (uppermost Cretaceous) arc prteotA. The most southerly 
Ofltfirop, iftj, that in the vicinity of Tridrinopoly, has »n area of 
fnjiii two to three hundred Sfjmire miles, while the other tw<. an* 
much sal idler. tluL tin* fauna preserved in these out crops is of 
remarkable interest and of inestimable value alike on account of 
the multitude of genera and apoqkw of old-worid in vertebra to 
that are preserved, and for lU« perfect stat** of their preservation. 
Sir T. H. Holland *|K<iiks uf tinw three small putohr* of rocks us 
forming u little museum uf puhieoaoelagy, containing more than 
lOOo species of extinct ruoflusca, including forms which threw 
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much light msi tin? problems connected with the distribution of 
Lind and sea during the CreUweou*. Thmr distribution and their 
ralntiona to rim i 'nttueotia faHlia i if the otter Indian mid AJM< nn 
TvgLom. from Madrid to Madaga&o&r nnd Natal. have much to tell 
n.LH>utthe geography of fhe Goialwimrt cttniincatt at ili&rtpodi. and 
of Hip humor* to inteT'Oceraio mlgrmtiotuiof Ufo which it interposed. 

The IVetftnsouH rock* of South tadU 'ire clarified into three 
stilus fiui the order of Biipoipraitintr 

Ariynlur, 

TrichinojH>ly, 

Utfttur. 

tjutui ftagc The lowest-, 0(4itur, *ftege n^i>i upon an undent 
land-anrfbce of the Archaean gnome* or on Upper Gondwaua^. 1 1 
is mcwtly ini argitlacrtrtti* group about ICh>Q to 2fH)n feet irt thick¬ 
ness. At the base it contains a* it* principal muiiiW a coral 
limes lone f mi old rood reef) succeeded by fine sills, * Up, ami 
gritty ^imlHtMnch-. The Ttattir out crop in the westernmost - t *u*d 
IB mntisinnuH through the whole Lretucwtih air* .along its wert-tm 
border At plates its width m greatly reduced by overlapping 
of the next stage, the Trie hi no pop, The I 'tutur Tossils are nil. or 
mostly, littoral nrgAniiujfli »nch a- wood-boring mnlltwca, frag¬ 
ments of cycadacoGUs wood, nnd miinefous mil n ion liras r The pro- 
pondfiraiww of the latter at particular horizons cmihlre the series 
to h$ minutely anbdmdnd into fiiib-etagea nnd sronea. The genua 
Sefttoeatfickia occurs largely at the base* and gives its mime to the 
lowest, aubdlvision of the Otaturw, (btbwod by the Amntkotm* 
zone. ete H 

Trichinopoly stage—The uit group is dMLngtdfejhcd m the 
Trichirtvpoty &tu<jc., and mine# somewhat hi loon form ably on tho 
last. This group is also I 000 feet in thickness, but in lateral extent 
is ocuifmed to tho outcrop in the vicinity of Trlehbopoly onJy- 
Both the composition of thia group ae well ils the ausnner of ite 
fteatzficutmu show it to 1w a httonil deposit from top to bottom. 
The iodea are conspicuously fotehddd oouibo grits and ajuitk, 
ukyn and shelly limestones, with shingle and gravel JiedSi Grande 
or gnefsa pibUtfi are J*h undent ty dispersed throughout the de- 
pnfefte* Tiie proximity of the counts is further evidenced by the 
large pies m »f t-yrnd wuuii, soiiieljjne’i tin Lin- trunk?! of IroesH. CJi- 
tildfefid in riii- t:<kUMT ^uidstone hi id gnl*. Tin* Khelldi uit-stone 
Iium oompDCted into a banri tHril Imre] Hm>g£itmcd T fcranaJuceiiE 
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stone which a^ mmh priced in* mi unmmriilid stem\ and TLRcd in 
hniMinL; work imtfor 1hi> name of IVidiirmpoly marble. hosait* 
lire many, though not *o mum-mu* as in the 1 ITatiir division. 
They iildl wiU a a Alight dinnjLZf in i ho hi unit, 

Ariyahir stage. Nimynr stage—TI id Tifdh inurf N»|y la vonfoim- 
ably merl&ifi by the Anytthr xtogt\ named from the town of 
Ariyriliir in i he Triohiitopoly 'list rift. lE mmusts tif idiom one 
thimsuml feet nf regularly bedded N*rnta find iwgtllareoue fltntta, 
with, towards the Uip h ctlctirvou* iinij coniuetioniMy heda full of 
foedb. Thu Anynlur stage ueni|ues hy far thv luijft6S& ]>art of I he 
CretMeoua area, tfie breadth of its outcrop exceeding fifteen mites. 
The Ariymtnr fauna exceed* in rinhm-ss that of the Tim preceding 
^tastes, the gnstmpodn alone I icing represented hy no iiiA* than one 
hundred and forty spooiiEL Bc^idoe these, reptilian and ftsli 
remains, oepUcppdii larodlihriiiidis t echfoodenna, wtsms, etc. 
are present in large number* of opeok^ The trprpenn -^ bed* of 
thid atngo are abandy marked off from these bduw and form a 
distinct Mibdivision, known as the Xhiitjur ziuyt\ and distinguished 
fmm the remainder on paLieontofo^jcal groanda, though there 
no stratigraphic hreak visible, The amuum r tex lm\ <■ djrapfieafTd 
frtnn thia division* and with them also many hi indh branch genera, 
while the proportion of gastropod species shows a iimrkni 
XiunmniM bed* of algal 1 and fommiEiiferd limeakidoa are enclosed 
among ArgillaoemaA and gritty sediitifliit* The following gensr* 
ijf fossil m urine tdgfie am common: Di*8Qcta4i'Ifa* lndfapotia, Ackwi■ 
aria and aevenil Lilktffktmnw. Milmline forantlfltfors are associ¬ 
ated with [hose. The fowls of the N'imjur bods reveal a li ininn 
affinity ; according Lu Yrcdtwburg. thcutmtaaroequii a lent to flirt 
Cardiff btmtttitrfdi held of Kind Mid DrducluBt&iL The decline* of 
I ho ammonites and th* inanuM in the families ami orders of the 
gaatrupuda Hitt a very significant index of the change of tinier: 
the Mesozoio cm of the furtli’* history has well-nigh ended, nnd 
the third great ora. the Oftmozofo, la about to oomnmuDe. 

Eocene . Pali* ace q* 1 of Pondicherry —Over the Arivnhir \*'*U in 
the IWfeharry area occur beds with n foramiwfenil fauna com- 
parable with that of tho Hanikot stage of the Gkwne formation 
of StruL Speuii's of SumuHilitts, and Cihkid** 

are found in u liatottme 1nrd and mv identical with the formn 
observed in the baaal B MPSto of Weal Pakistan, 1 

I L, R. Jtftp nft t | Jtilitu fill, PaL Itvltf* N*S-« tot. Mi nm 4. IWSS, 

1 L H R*m f Crtfr. At.* 10». 
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Fauna of Lhc south-east Cretaceous —Tlwi fnljnfl mg li*t *h<wv t he 

OMrltmikm uf \hv inure oomtiKUi pattoni in Uw ihrre stages i 

Utatur Stage : 

BracEiopods: Kintjtnn, JVirAoiffrfu (runny ap*™*}, 

rhmwlfa (many fiperiim)* 

Corals : TrQGA*ufff{ihn, fttfft< rut > ^ *Vi p /J^®*** /* ■ - j . / fum} ~ 

WrfTHjk 

Gastropods: /Wus Mifc/Ai, 

Cep h oJop ods : iSrJtA* w taicAio .-I rrm shtu-* lh\m j Iw . -Wfi hh f 

Tumh'fra, Nnutitm nt&nmU-ttnis. 

Lamellibrancha: E&pjtff >v, Orjfpha* if. / flow rom » ^ TV/ /1 iwi ■ 
OjHtt, NnEulmu n r iYitfttbr* /Vdrn, 

Ljffltf. Fr tt»tl. 7Vijpff r'rr/ 

Tricbinopoly St^e : 

Ammonites* //ufce- 

ffiVcr^, Sea phif? -i. 

Laiuellibrandtis; Pififadompn. Modhdu Ottftu w CW&ida, 

.Tftirfra, Ctfpnm* UytJwfrn , fripniM, TV^MKirm, /’utiut, 
CbndriM, Ptffcn* 

Reptiles; lrhth#u&inrn* % MvgnltuwttrUA (PirtOfliiur), 
ixiyalur Stage : 

A mmnTlHjW ; PiiehtfdisCtt.fi Bttrnf\h'.'t, 

C/ p'iiJ, Pi£ZQ& if I r - 1 ■'■ ittOf f ™ ■ 

Lmradlftrancha : Forlifoc, Anri™^ Yolrfia* 

Nucutu, Ariw-ti, Jfaetiofri. Rudirfa, Giyphtitn, RndiotiU** 
Trigonmrta^ £x4Qyra ¥ Pliwitila, Anomur 

Gastropods; Vvtufa, Cypr&at, Ap&rrhai*> Abiritt. Fxrudolmi, 
CntiGtlhiria, VeritJuuvu TurrifrHa, Solarium, PaMfa, 
+ Yf nUt , .V- / j m«j. Fkatid ncihi r /fc«fe/Ajr t a. 

Reptiles * l Tiiam^iuru*, JitgahkHiuruA and 

cither shvmjwxJ and sttiiropctil dinoftfrUraJ 

Corals : C<inp>phyUUi , T’Acawirw ftycfcAtteA 

Ethmoid*; A'^Wrr, tJirdm*Ui? t JIvlu#i*r 9 Caiop$<ju* r UolttSg* 
pftA, Soiebw, P.tfAidndittthmu, ( 'yrioma. 

Crixtoitls : Mar*np\i*A r PtniacHn^ 

Folyao# t M^nbmnvptmi, Lunufik*, Gdkpont* 

KnUtfopAvtft, 


1 ^/r, «A/ P v»t, l*i. pt *, him 
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Ninijur Stage: Xaulihi* daiirca*, large apofiint&iui of AVrim rvt and 
Nunfit us w i th 0r6iiatoidt&, f 'itdolilis r *V urn m uliU:s. Many 
gastropods and fommmifera* ami ft lytic and other plant 
mnmjtiB. 

The above U±[ dvcti bill mi imperfect idea of the Holiness of ike 
fauns iiiLiI of its specific iclal Iona. All the gruupa of t he Invertc- 
bratft arc represented by a largo number of genera > cadi genua 
containing sometime* ten or even more Species, The mollusc* 
are the tuusl Inrgclv represented group* situl of lliirfa tile cephalo¬ 
poda rurai the inoat donumm! part of the fiiuiuv. Then.' uro one 
hundred arni fifty K , ciL , wi of cephalopoda including three sj.NKrh 1 * 
of BtU m n ?"te#, twenty-twin of Xaulilu*, ninety-three of the ooin- 
inon species o £ A m mftn tirs , and three specie*? of ScaphUtAj two of 
Hdmit*?*, three of B<i* alitt*. eight of Turriliit*, eleven of Jww- 
crms w ami three of Ptttfkar.trtiM. The ga*i[ n t |.m,h I:* and lujiudti- 
branch# number about1 wo bum! red and furl y a pedes each I hp 

next group w earaJiv, roprttfHitpd by about sixty sfw/oies, etfi molds 
by fort v-two speciCA* polygon twenty live and hrudiiopocis twenty, 
OF Vertebra la there OeCtir seventeen apecioa of ddira* and two 
ur three of ruptiloj-. one of Jifttfuioxtiuru# and one of / thfhyowi ynw 
and I Titamwwmx, relatives of thn giiirit reptiles of the European 
and Ainorfraui Cretaceous No fossil mammals tobneing to the 
CnitAmdu* age have yet been discovered hi any part of India. 

Marine Cretaceous of the Narbada Valley: B«gb Bed* 

The Narbada valley Cretaceous—A number of small detached 
mjtornp* occur (dong tie Narbada sallcy P extending along an 
cant'went, Hup from the town of Bng}i in the Gwalior H-tato to 
k fc vomJ Baroda, retelling aa Qir weal an Wadhwnn in Kathiawar, 
TJicv Oliver jux rxiru#i\ + B ireo of the Pa ndi Muhilfl dint net oF 
N. Gujarat* generally vndetlyiitg the rVeoati Trails. 'I he rocks are 
characteris'd by a heterogeneous oosipOHitkia including chert*, 
impure hhidJy limestones. qunrfcsltfa and ahalcs, In 

moult twi they occur around inlkr* ofoldi.tr rock* m the ijecoan 
Trap, by I fie denudation of which time hods Lire laid bare* They 
Arts tie* much worn relics of amdhor of thn nm immw of the 
drbifl firm it » the m il to the north—tic TathynJ during the (km 
nuiiiitm tnougn^ion ami, therefbm of the name age an the 
(Jiatur I mis (htforital ibom The irnttion of the 

Bugli 1 1 rptflcptftif comprises only n ver y ttnctues^* no— 7 b 
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feet., of limedtane awl marls. which may bO <jJu*Ufcd int« three 
stations: 


D i fl B iiK Trap* 


Bftgh l»ds. 


r CfYmiSnv* ml Hy®" lirtv-- 

riotiiL 

Md KW*I Id foni fpf miurh. 

AMuftir IWgtfUESNSlM lb*****) 

irtulrrlnm |1J Oidl 

fetul ooty^imfWM (Jftdrtf MiPniu'wwK 


Unftdj cornu ly. 


StnUMAii 

C'eruim*niaii. 


GlMsIjwe^ Air! t. Mm [ \ Limi-ifTilJfl f«k*, flWU 


r i’ho lower t»wla *r& nodufafl* nrgiiforaous limestones, of n wide 
ex tension linrir on tatty. met tvitil in the majority of the outcrops 
1m- tween liagh mid Bartwla, followed by richly fospilifenm* mart*— 
the [Jwla. mid Qiirftkhnn marb—Slid by ft coralline limestone 
ftmtiwl of the remains of frolyxoa. The lust two zones do not ex- 
tertil much westwards. The fuaab are numerous. the chiefgenera 
tH'ing; (Ammonites) Flaamtictras, .Vumadeeww ; [Lh modi- 
htfuichs) Atfrva. JuixrmmH*. Picltn, Fin»u , VtatintRa, ttnifriam, 
Protixiardiutn. Cardi uwi; (Eohiiioids) Satcniii, (7iitati#, AVAttio- 
brittm, f/entwrfre, Opi&tHt**, Cf/phixtmtul', (IVilytton) K#rh<irH‘n, 
Ktc.fotm ; (Coral) Ttariiiiiwta*; (Gastropods) IWto», TmrUrUa, 
Satica. Cerilhium. 

Thf nnfi aalHfii riom ^unlilonrs underlying tile Bflgh beds, tln- 
Xinutr fa jjt, hove thickened considerably to the weal; these sind- 
sU'iiH ettnin of the western loBera. pfirLinidurlv near Buroda, have 
funiLdii'd U> this region lurfre quant, i tics of an excel but building 
sum*- of very handsome appearance ami great durability. 1 The 
Atone [known locally os Son gif fr.tndulotit?) has been Iiinpdv 
quarried in former years, ami beaded supplying building til ones 
it jiflbhlt guild mllbdoiuN. 

Conclusianfi from the Bagh fauna—Tim. Bagb fauna covens hut 
a sin,151 jwirt of gaotogical fintr -ojiie of the -dndh ((Viioitmuiaii 
to .Sere>rimu). The main interest of the fiiuna is the entjtwal 
which it offer, to the fauna of the Trirhma(>niy Cretaceous, fmtu 

1 The ufipmunfiff fit Ihr sleml; in n ally imppm*1 by Own ulviiiviuHi i|injn>nnl 
tAMIm.K tnujrt tioiurfilruDiu by 11,■< ti,.lunion el ml nml jmrjjtti tamtaiae in In* 
HtilP Vfcr i,T.n -1 nil ftifeft* ttf ihr 

i TLk> tyou£ir mvMkirt# of «HijarnJ ea |.njUbU llw hrtW ill* AhmmUMg** 
MllfctTTnr teimi*. 







ras ourTACEous m&EEhi 


£ft? 

wliiifh it iliilerwaa witkly a* ii b puttdhk fur two fumaikaw nf the 
HJ%niL- ago to iliffiel l“lm- Ba||)t fbifliiii. a* ;i whole, U-nnt much 
closer affinitiei te> the Andrian and European CretaccuiiH lium to 
t he funner. Thk ief a very signififant bet, anti denotes hohition of 
the two anas ill which ihey wm? rlrjwwrited by <ui intervening huith 
harrier uf gront width, which prevented the fnter-*ca migration* 
of the HEumgih i trim Id ting thr two The one w-a* * distant 

coinni, nf the far Kurupoan Rea, eomiccUxl through the Tctltya, 
Hie other w u iia u branch uf the main Southern (Ifriim The two 
itrean t though ho urijsiecfil to each other, weec In fact two rillimri 
marine ftwdugikM] province* ivudi having its own pupuluti-in 1 
The harder wan ito mhei limn the ■ imulwiiEBit conliiieht, w hich 
intflrpowd it?* entire width between flu? two mean, ri: Elmt, which 
occupied tiie Xnrburin valley and that which covered ihe «nuth- 
CA5t fcOfrtft. 

While the dUffutmoe between time two Oietacwmi provinces is 
of such n pruEiininccd nature, it b mtoresling to note that i here 
exist* & very dew agreement, Ijoth [ithulngirw] u> well a* fa no id. 
between t he Triohitt^ioly Otwtaeeoii* and thr Assam (tobuwoiu 
described in the last, chapter. Tlife ugroimmrit extend* mm h 
further; and both th&sit outcrop* allow rfesc relulhniH U* ihe 
i’jotoeecjns of Central and South Africa Tbe-i fatJU poinE in ihe 
inference. that it ™ the e&mn sax* which covered junta -if Africa p 
the foromaniiel const and A=v*dm h in which the cvmcLitinit* of life 
Were stalkr mid in which the £rtfc interrouiw and m ignition* of 
spcoifca Wtfru mtimpeded. 'ITicac arrje.* uf lu*l>- nisiM. therefore 
hJhtw very wide fmirutE dtatrofmides from the dejHiMfc that wen- 
bid down in an arm of the great hurt hum Tethy*. which wn* 
routiiuunu from West Europe to Chine, end wan peoplni by «]jcri™ 
t(dunging to n difforvtit marine xorrldgicui province. 

Larurrs Series : Infra- Trapper Beds 

Age of the LsuneU series. Metasonjaric mrtn 

fmrj is the name given to a fairly widely distributed. weri&a uf 
c«tU4fiw or fluvialiha tkpraur* nf the ftimo or a *llghlly newer 
stratigraphic portion than t ha t ul tlm Bayli tack of the Liberia - 
f)iitemps of the aerie* arc found wuttervd in Uadliyn Bhamt, 
Madhya Pmdtah, and ftbn in many pitrl^ («f the i^cean + -lirv*vi ly 
imdcrlying the Dcoean Timps. They genctally appear tia Jlun 

1 Liifrr liiwCTPi nrv nf *rw fnffi** rekuji! tlai t’pp^ C«ri*Dtwma 

mmi Oij* TnclJ mfipoiy omii lin# •fliiMPnrTiiit d4rtloa4*»*B^ '*f 

lliit liiuiiJi frura C'jkhuMhIi: t fjumi. 
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iiuritMv tlimwml ifjtimiji bunds round fcli-P Iwirder* ml ihe < cup rntnifcty, 
pilrtimilurty the iiurlh enit mill rant border*. Tim mime tfi dm red 
from CtmlAmotoghM near Jubulpm, where they were foa* noticed. 
Tin! Umuta group Is not of any great vortical extent in «ompati- 
non to it* wide lioiiiBjnEallty. The constituent reck* of the serie*. 
urr shorty or aniooou* iiiuaaumt,^. earthy wmbtoau. grit# and 
ulftyi T attaining in all from 20 to 100 fret in total thickness, The 
liinMuius form t he moat. ohoKUJtarisfcio port of thp 6urie$» and in 
wnm? |i1hcqa they eonfAin a few badly preserved fossils* 1 The sand- 
pt-mcH and day beds nf the LaiuMh seriois bare yielded n few land 
nr fresh-water shell* and the remains of numerous reptiles; among 
iliti former ant specie# of Bulinu^ t Jftstreou. * itrhictdfl, i y fiindtmi 1 
etc. which arc readily nitognlsed as Fresh-water, or at the most 
erituariiu*, epeuits. The vurtubmLe fossils include Dinoamnsn 
reptiles, turtle? (ChtlvHM j and seme (i*h mimirwL The latter are 
valua hie n* having yielded oonol naive evidence with regard to the 
*i rutigrnphv of the Lamrtu serif*. The Jfches were obtained trom 
Dongargiwm in Madhya FrideaL They include some spocSes of 
Eimrmnm, LtpidotfU iw t und FffGMvim- dim licfit of thfcso belongs 
tci the order Tttjcottii of bony fishes: tins hitler two belong to the 
leap highly organised order of Qomidti- Sir Arthur Smith Wood¬ 
ward Inn*, from the evidence of these fish reu.ia.iiiR, dotermiiifd the 
age of the Lrunetii eeriee to bo between Dnuijui and Lower Eocene. 
Vuti Hiiciiv- on the evidence of fo^il Dinosaurs, places the Jttbfib 
pur Lamrtasi in the Tumnuui (tm*r of tho Upper CrttoewHaJ. 

The recent 'li^vovrry remains of Cretaceous* duinRaun* fnini 
J 4i t ml pur and Pierlum fniamlh dial riet) bn- greatly mcrensod oar 
knowirdgp nT the fu^U Dimmuria of India, Twelve new- genera 
Java heeli added Mi Iho known Indian fossil iliiioRaurs; tbeoe in- 
chide the fires! record* of the Siojawn rnn ami the Cadurornwriv, 
Tht* diifotoum reached their highest. development in India during 
the LarueLu upnulL. The twelve genera have been identified from 
tile vratebrav, skulls and limb-bones, amu«ur-jjlatoi* r ie*Lh and 
ooprulitefl. Tho following are the principal genera r 
three upcniea. jlflAtrefowianur, two spMhta; hwfajriwhv*, two 
ifpteka; hmtio&iuTu*. I&plattmntrm: JuhbmJpQtm* Pro(. von 
Hue nr statra that Mulhvn Pntdenh f<mit dinosaur* Are? closely 
nJiird to those occurring in the Urttammi of Madagascar and 
Aim with those found m Fatraguim and Hrn^iL Thf« would 
ruigge^t iMiiddiridgr.-^ in tin- e\Uring ftnUrm and Allnnth iwean^. 
i pr. C. A. M mttoy ¥ Mm- w* hh. |h ^ 11*^1 
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or itu nfhu-gM nxiiiuutiU of thir ds Otuidwftiui cun tin- 

mil. (Sim?- p. HK) 

Thu -em-h* everywhere nwbt with it great imeoulbrmiH 

over the nWor rocks, whether tlwy are Anduumu gi^bs^e* nr soine 
nwmW of the i hind wan h or tin* Bugh Usl*, A* u mlin it In 
i-onformahly overlain hy the? mth&i In vsi-flown- of the l)i™u 
Traps Berk* of volcanic eruption^ whltib Iwuuu fit ihk time and 
the gcoldgy of wliitih mm 1 daims ciiir utU-titiofi. Ai it fuw phi re** 
hnwoviTp thn luwml Tmptf exhihil dhtoirriitid rduiinns to the 
LanufUuBj drinking tluil a conaMeraljle Interval of timr elftjj&rd 
before f hr* volcanic cycle began. It is uito probables however, 
that the riiwordtuit itdatbu# muy In- only i-tjjpiitvnE. find nuiy bo 
diiin to the fact p lint in the-w? pjirlirulnr t^us+ s the aupjHJMsd LusieU 
lim£*Uiitp Ls only si lEmcHUined which fVnmjrzu.nl 

others have found fa> commonly between the Trap* anti tin- Art'll- 
neaio* ftud w- hic-h Inis in t in- pittl Iknju h> often mistaken for I-.imc.-ta 
limfstimt 1 . Thin lie must now dfcfliH>. 

Investigate isiia by Fermiir have revealed that ninny ofiJw sup- 
jx^cd Uitnota limraionra nr v iriofn-^mntiQ in origin, and have 
resulted frivni tfin calnrficaturm of the no deriving Archaean 
gndteea and svohiKtn through thn pnwi^ of inulacndar tntnsftnma- 
tknu effected by tins agency of percolating waturs. The 
somatic changes ntv mum in nil utagt* of prujnrrH, from unaltered 
giu'Lms through ptivrily oakHtod rock to edHccoua limv»lone 
mumbling llio lAftnict ji beds. The etd^ifioatiarr and fl ilteMop tion 
hovh- nlTef-trd nil Idllds of imdedying rnehis gnebra. I'l'iuiltrw. and 
hornblende and other xrhinM, 

Western India 

The . n, mo&dvr iiud horiauiiLilly 1ns!dec! 

group of red *md brown sandafconi; h with ^tirili - in \ Nur Slot's ha* 
recently yielded n email but interesting ilura i ml tiding 11 nrh^fitn 
and M(liftnidtum h two extinct gunetn of lec-m. which hit of *nm- 
sidcmMn BtmttgtnpSncnl value The toniirr gelatin tn rujWHcntiTd 
by IT* rtHcxIctfft* a wry cbAracteftstie Uiniden apecii^. Ibi- 
A[<mniditim (M. indicuml closely allied to tin 1 wdl-kin«wn 
Miimpcan Bpeeiep if - (totjpprrt' ltd* grtm^ r< jli'IiihJ at:- nm til nuns 
development m I ho Lo^ r r CrotftPflQUs, though it aim occurs in 
the .Tunuaur^ HJmirwtnAgw tAhmcsinngnn wmfettme l* 

* 0mCH«u| will. p. * 

i v^r- ls*l |H. ft 
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jimvrr Ibm Lhu I Hifiiiigiullurn mrjtNtojir \\\. 201 } naml <iftlio mi in* 
ri|£if iht* riof^gir ftaniUiiiiift <»f und the* Banner {Buimirj 

jwinin uwm of Western BAjputaviA, id! ui wbkh ivtt- nUaisdyidy 
iu«hI an building stoned 
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I>ECCAK TRAP 

The great volcanic formation of India Toward* (hr oto« of the 
GratacooLUb HuU^?i|uent to the deposition of the Bagh and ihv 
LanicU Itcda, a Inrgr part uf (ho Peninsula was uHbetcd by a 
HMijH'ii'Emi^ on11 1 urn l of vulc-uEik energy, in the eruption 

of jj thick of lava and iiaeociated pyrudartift uiateiM*. 

This sene* uf erujittoie ptw^hid Fn>m fissuic* citnl ittasks in the 
surface of i he earth f rum which highly liquid hurts welled out 
Intermittently. till u thfckw-s uf seme thousand* offset of horh 
Kim tally bedded ahefrtt (if baeaJtii had resulted, obliterating all the 
previously exuding topography of the country and converting it 
into mi immense TOkank plateau. That the eruptions took place 
from Bsmuvfl snob as thus* which Arise when the surfruse of the 
earth is in a state nf tension, a nil nut from the mom localised venta 
of volcuilu irrAterSp in evident I mm n number of cireUmAtiiiiisei # of 
which the entire ahstenec u| any tvattip, even (ho motft vestigial, of 
YnlcuniN'^ of the usual cone-am l lOnier type, and the (dm oat per- 
feet hnmunlatity of I ho kva-shcets in the immense basaltic 
region* are the most fdgmfi^uit. 

This great vulcanic forinnTion k known in Indian geology under 
the mime of the Deccan Trap#. Thu term trap is a vague, 
general term t which denote* many Ipicous rocks of widely differ¬ 
ent nature, bill here it. is nsid tint in this flense but In it# Swndiah, 
meaning of 11 stair* 11 or 11 *tepe l \ in ntlueioii to the usnjil nlcp 
like Aspect of the weathered flat-topped hill* of basalts which are 
jjA* common a fetttnnf in the awieiy of tho Dcoowu 

Area—The Demtiui Traps euemnpiias to-day an area ol SBOfifyQ 
nqimn- ndleri. covering a [urge part of * citcly Kathiawar, Gujarat, 

I Wen n, Madhyn K! limit, Mndinu Prad^h, linin'ubnd. ate,, Imt 
tliHr pn»rC3it dktribijtioJi k no measure of their pad cgrtciiainn, 
both Dually and vurticaUy efiince denudatkm ha* hsfiu at work fee 


GEOLOGY OF INDU 

nutting thnugli the hn«il^ >ui4 detaching it number «f 
cutlicEH, separated from the innin urea by wide distance®. These 
otitJier*, which are scattered over tlm whole ground from H Kind 
to lUjelmiundry on the cast wwst. therefore, min twtify u> the 
original extent of l fie formation, which the time i>f it* corn- 
plot ton. could not have been much less than half a million ttJWftra 
mik*. 

Thirfenggs -The maximum thickness attained hy the Dccrnn 
Ti m* is Ik matter of conjecture, hut it- ^ bio r licit it rrti^ht 
Jiu. vc hwn m Tiiuch ih ]O p Oih) fee t along the coi^t of Bomtay The 
thickairad h however, rapidly Incomes (css farther cant nnd vurlm 
msieh at different placet Toward* iU southern limit it is bottm n 



Km. 2View of iTkn nh Trip Otfvttfry [ONHumu 


and 21KK* feci; at Am urban ink, iln> eastern limit, ihe thick- 
item [a mi feet, while hi Sbwh Lt, the northern limit, it dwindles 
down t*> a bund of nnly 100 nr 200 feet. In Cutdl the Tnij^ arc 
11 1 m r 11 3. 2fiM> feet rn tluckne$s R The individual lava-Hows an* about 
15 fM **ii an Average, hut ncwuidfliiiilJy mum lltnvsun- inaohinp 
50 tn lun feel in fhii knr-^. in a Inning near IthiiBUWd lfltlU fret 
cfeeiji, 20 distinct flows wem eiimimtened, The Ffiiecessive aliv- I 
uF lavJt urn often *i6]Htmtatl by thinner partitij}* of ajdiwi, Hcoriac 
and green earth* and in vary many raawi hy true »«aJimentiiry 
ht*{ h. which are hence catfed Intnr-tmfrpaan beds, The ua|i and 
tufF fenih nrv pretty uniformly didrthuUal tliTouglmut* hut llwy 
aftB scarcer toward* the fewer ]Mtrt. 
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Thi' pFsoiic ■ »r vuJiamic uslui- uml Lufls »ugi!(4tii explosive* 
iuitiuti uf mi rm- luteiwiLy. This uiighr bint' l* 1 *'!! Iht* cuso rit 
(.nrl'UTi local vuttii iJjjnjj; tin- iiittin lis-.imv. vhew a few subsidiary 
oDoen HiJiv Iihvo ln'i’ii ruLscii Thu eruption of the mufti muss of 
thi- lava wan, however, uf u quii'i no[n>xpti»ivij kind. n# is the 
ran' with fiasure-orupbitinr, 

Horizontalily of Uue lavas A verj it. murk able character of tliw 
linaft of tin - Deccan Trap, having uti important bearing on the 
qui^tion of their moth- of origin, b Mu ir pcraisumt horironiality 
ihrtHtfwiit (ht-ir wide area. If Is only in the neigh bumfcoad of 
Bombay I but u marked departure from horiatoiitality u}'|icurs uml 
* ^ ntir flip is pcro-ptiWe. of about 5 4 . towards the m. Other 
hwulili^. wln-rc a alight but upprodalitu ineUmdivn and oven 
genlle folding of die luvn^ltoets hid noticeable. «re Um Western 
Siitpurn--. Iv mdcdi and the J hi jpipLr hills, m-ur BnMch, but these 
flip- hh- believed In lie due to l be efforts of lute difiturhonees ot 
level line tn lerUmiu whih^ rntlier than to un original inclination 
of the flown.* 

Petrology 1 — III jmtrctlOjiH'fll eojiiptHtiliirm tho Deccan art 

singularly uniform. The unmt coimuon rook it u normal migitt— 
bnciilt, of mean specific gravity 2-9. This rock persists. quite 
undifferentiated in ctmipowtiwi, from une extremity of the trap 
tm to the n|her. The only variation la in the cuinur and texime 
of the rock; the moat provalejil colour is n greyish-green tint, hut 
a perfectly black colour or lighter sbuiiw am not uncommon. A 
few, especially those of tnwbytiu or Biure acid composition, are 
even of u rich brown nr hn(T colour; Jess common are red nn< 
purple tints, Hie future varies from • licmogcneotifl, crypto- 
crystalline almost, vitreous hincdl, through all gradations °* 
coarscne-*. tn n coarsely cryHUUlM dolerifce. The rack i* often 
vesirnlar and ^oiwemU', tin* nmyg-Umdul cavities being fill* 
up by mtmaruUtt secondary minerals like i-uidto. quads, and 
zeolite.-. Porph.Vritic dow-gralni-d varieties phenoervsta of 
glassy fcUpar (n medium lubmUnritc) have an abuoait. *mi- 
vitmoua Just-re, R dark hiHtrems colour, ami uOilohokM traciurf. 
Owing to the high basicity, nnd eon**i|ueni fluidity of the luv«ia, 
orvstnllmli.in was ft i;oiii[inrM ivcly rapid ]iro«3K, for winch 
inumn huault-giuss or tgjAjflit* 1* quite rare. ■*»** »' 

" r In tied edge*’' - , when- u vitamin glaze uppftirt. 

Over enormous cxteiiu o£ the tmp area then, is no «H«» at 
» iln QjSJ, vol ilvit. JA. il I9M. 
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dl of any magmatic differentiation nr variation indicated by Ihn 
presence of ucitlit; or intermediate varieties of Uvas. »Somo very 
notable ttKMrptiOns, however. have been observed in Catch, IJnj*- 
rui the Fttwsgarh hills near Bnroda) and the Uirnar hill* 
of K at h iiin ii r. where rocks of more acid or basic composition 
(rhyolite. granophyr*, monxorotc, mi desite, meacfciqitite, limhnr- 
gile orol liubbrei an) found rtaaocinfed with the basal La. 1 heir 
ciceURvfto- in close association with the ordinary basalts Huggeatc 
that they wore local djflbnffltiatitHi products of the H«ne magma. 
The iinsit oomtnon of these acid lavas are rhyolites, approaching 
and quarte-andMilr*, pitchslontS and pumict found at 
Pawjigiirh, 1 The ggbbrtrid complex of the Ciroar hills is more 
noteworthy Here atv nutansR of yabbroe mid allied basic iritni- 
hiym occupying u large tract of hilly country rising abruptly from 
the level trap-built plains of Kathiawar. The relations of the 
phi ionic with one another ill id with the surrounding 

countey-rocka, which are Deecan Trap flows of usual cum position, 
suggest auine posfc-trappe*il to tri is inn, or aeries of intrusions, 
proceeding from lliu same magma reservoir a* that of the baaalts 
.Subsequent dUfemiUntiun of the intruded magma by prolonged 
aagiegurive. process's appears to hate given rise to several inter¬ 
esting typos ranging in basicity from gabbro, lamprophyre. Inn* 
burgifcc, diuriio, and syenite to gnmophvrc, which are so well ex 
jkMvd in the varintis temple-crowned hill*niamfes in the vicinity of 
.humgadh town. In Kathiawar, B. IS. Foote found a largo ntun- 
law of acid and basic bap-dykes intruded into lire main trap-flows, 
flusters of dykes ami silk arc found in dutch, in the .Sulpura area, 
in Rewah and jwrts of Bombay. The Wie varieties arc of dioritic 
or doleritic oompodtkxn. while acidic dyke* are composed of 
trachyte* or rocks of allied O OJ U p o aiti cm and character. Other 
types from the Kathiawar peninsula ore wttueMiqaUr, ntphtliit*,' 
jtjftmU, rhyolite, tiunuomte, oemnitt, ankaramiir, Acid differ*"- 
tiates of the Dceeoa Trajw, hnchylr-,. yranc^iAy^a and rhjfOlittA, am 
found us the Bombay coait juviudah'd with riurma] bitsalU, 
iloloritrn and glossy gabbroa* .Similar arid took* also occur in 
t lie Narbada volley and at For bandar. 

Of these mcka, tin- uUrahusic type* occur in dykes and small 
stock.* aimn| the west edge of tlin trap outcrop from (hitch to 
Bombay in all throe phase#, volcanic, hyjHibysaal and platonic. 
The addle type* show a more extensive distnbul.iun, but individual 
1 Fmaor, fltaf . Q+f.f. vnl, inxjr, jn 3, (Otlfi, 
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oecurrenrt* uro small «id their total volume w insignificant in 
proportion to the vast hulk (if the plateau luudihw. 

Ass wr- Imvi! observed in Chapter XIV, there i* a much g«*tef 
diversity of petrological composition aiming the eruptive and iiy 
trustee products of (he extra'Peninsula, whiih an? in ull probalit- 
lity the repn-sejitativea of the Deccan Trap nf ihc Feuinaula- 
Microscopic character of the Deccan basalts- in microscopical 
character*, the hawdte no- hi-mi-eryirtdlinv augite busalto, genar- 
ally free from nlivim-. Hu- mineral olivine is locally nbiuidant in 
Homo places. The bulk of t he rorfe is wimped of u fine grained 
mixt lire or ground-mass of phigiodnw and augite, Besides tthiin- 
itunt plugioclase (bbrudoritc or aiinrthite) prisms, which are often 
corroded at the edgiw, then- o«Ot«r sometimes large tabular crystals 
of dear gkssv Inbradorite of medium composition as phenocryat* 
in the ground ing. But porphyrilic -trot lure is not common. 

The angite, uften cnstethle, the next importer.iMituent. m 

present in mini! grain*. very rarely with any crysUlline outline 
Magnetite is atrandomly rli ^ mhiat.d through the ground iiiush 
either as iiffemorphir cryHidd er pranw, eras ,,rondirey dndm* 
nognaata. In the erdinary grey or gm-ti biiaalU there is very 
little gloss, or isotropic residue, left, it being ull devit rifhd: hut m 
t he black dense specimen* t here is a large ijiuuitity of ghiss present. 
of a green or brown cnlnur. In «*mc eases Hie peculisr amor¬ 
phous isotropic product pflktflwifc 1 w mvn in filling cavities and 

interstices of the rock- , 

The relation of till- plagintW tentigite i ryalds, whan apparent, 
is of a modified tyjie, Mm latter having a tenancy par- 

liallv to enclose the former. Primary newwory mmerate W» 
apatite are few. hut wetmdary minunvh, pi duetd by the wide 
spread meteoric and chemfcal change* *ha! the- basali has under- 
gone, are many, m. csldte, quart*. chalcedony, glaucomte. pnAn- 
ite, zeolites, etc., tilling op the aa *H1 tll o inter- 

atlces of tlic jock- .\ host, of otl.ersecondary mineral* have been 
.lescrilied from the busalte of different Iw'aiiU-.'s-i ldnmphfieite, 
delessite. oeiedosita. serpentinr. chlorite*, Iddingaite ant ussa i - 
Bv the discoloration attending the* «Nb» Lb f ,ir, “ m * 1 1,nuk 
colour of the basal W is altered to a grey nr gna-mab tint (gtaucom- 

(.rt»-1«pdn'-tuna *uti w i.^ir voto«uacrH,)». imiriinx . VS , 

iKUMlitifsnt* V *« »&ES?jSr^ tt }. ^ Z & 

Vttls Kirk- III- A, IW* 
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tuition]. * Mniii cuiitr in n very widely rlmtrihiited product 111 the 
bosidta af tiit* Deccan Trap, both in ihu body of the mok m well 
?Lh routing the jmygiluhidul *met joiu* Tim basalt-tuff* ^ 
eoinpb^etl of tbr LiNiinl comminuted b vis-pari idea, with fragments 
of pumice. tryidaU of kombkudt\ unpt**, felspar, *to. They hit- 
usually finely Uvlrf^i, and lu*W jl fthuly aspect. 

Petrography of the Trip*—'The detailed petrography of tho 
Decant! Trap id based on tht* work of L. L. (frrmor on the cor™ of 
n boring tit Bhifsawal which penetrated 2b hoffemtidly bcdctal 
Clows of nn aggregate thickness of 1,171 Set, the thtcbneiacs of 
individtieij flow? varying from ft ft. to U7 ft. His dotscxiprion* of 
the roeba finnorottereii in rkis thick sitOcfs^ion hit* regarded n* 
typical of the greater |x>rtIon of the flown of the Dwoan trap, t he 
faudomlDAnt type being* basalt of epee ilio gravity 2 91, txn uniat mg 
tssatiart sally of labradorite | i Ah 1 An a ), onstnditc-oiigitn, ghts* and 
iron-ore, otivrao occurring in m-oat of t he Bhusowal flows, hut not 
universally. A host of AOcanditry r minerals are found m oiteration-- 
product? of the ghi&y base, or of some primary minerals of the 
rock, i pabgtmite, ehtorophaeito* ^ladonite, ohabazitc* idding- 
site, dcirarito. or os late secretion* tilling the amygdaloid*! cavities 
of the lava—zeolites, chalcedony« opal, dele*?ito, caleitc, quart* 
and luM&itai Former haa shown that some ultra-baa so modifiem- 
liema of the basalt may have originated by gravity diflbrentiatfon, 
i.r., by the sinking of olivine and bnmo felspar pfaenoory&to to the 
b&fle of thick UvjvfluWfr which remained Hu Id enough sifter emp 
lion fur a lunger period than other How*. Thus, however* in not 
gcncruliy t became. though they may have originated thus in special 
ease*. 

[CiaEHldUi CrtitiOSiWOVi Eleven ipeoimcns of Deccan traps, col* 
lected from widely scattered Wrditits, have been cheiiiiraily analysed 
in detail h y If. S Wndirnglrm, T hr nt->:-.T *rnking feature of tliesMb 
flhily.Hc4 in the sirttfotmify <*f of til* majority of the IkmalU, 

with variation m milieu from 48-*S to 52 pur ccitL 

The folio wit] \: table give-- the ivc-raco of llu- ikvaii at Laly**. ’ by 
Witsirfogtan' 


NiQ a 

A1A - 

- 

FuO , 
MgO - 
OiO - 


mm 
iinsa 
frVJ 
11.92 
fpjd 
0 45 
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]N Ji a U * * * - * 

i-m 

K.O . 

0*72 

ii # 0+ 

1*7(1 

ii^O-. 

(i*4a 

Tib,. 

1*01 

PA - - - 

030 

&A . 

BAM 

HdO. 

OrI« 


100 VI Sp. <]r., »ul 

TJdi aherui^d! Buui^itiilfchj) of ilu ttmfm, rsprraMl Jn term* of Htmu!- 
jirtl normative miiuaiuls -cil]lleb| jLij«-ij Ihim tile ttfittpodiioftr 4 W& the 
fulWin£ result as iJut norm of til# D*cbsui Trap?: 1 


Quarts - - - - 

4-14 

OriboclaB& «... 

MS 

iJhite ‘ - It 

23-01 

A north ih> - 


rhopidr - 

17*41 

HypTHthinu* - 

J7-7H 

OUvmo - 

— 

Magnetite 

4*01 

IJmemitfr * - - * 

3*65 

Apatite * 

101-J 


TJi* F exhibit ti londmicy U > n pin.'rind'd wcatiljfriiig by iho 

exlhlktfcm of roughly tionamtritf didt*, hmm rmmdrd Wmtkbrbd 
11111.^ art 1 erarjrwhfltv to lio in tin? ojtp r^yl uuIcjvijm, wlmthar 
m dm fidd or in AtrounHUKlnm or OH iho Acii-iici»i*t* r lYiahnUk' 
jointing, cir columnar stnivtore, ia nUi* uln-omd in tin- .-top-lffca 
vrio.i of peqKmdionlw cwi-urpmcnt* whioh t lm ahoete of buiitJi no 
often prr^-nt on Lhe hlll^idm or dupe*. At aumtf platsasi boanrifn] 
pttatt&fic cdiimm uro to In* : tliL* la rHpeviidly 
ol^rvud in noma dykee, 1 jj. thn** 1 of * ’utdi. It b the tendency 
to this kind of jointing, giving riw to tho liiruIiiL^stdr-lik^ <ir 
4 * ghnt "~lika ftvpwt of ih& lui&ill hill* of tlic Dwrnit, (hut h&s 
sjivi-n the nuiisn of I hi 1 tJijonms Trap to tin* fommtion. 

Among the ribmidant k ^mdnn miiitmif, due to bydroth^nnal 
iio&ityduriitg«(M(t^pfthB-bv«H9TiMiii. Hm* or* founds keitml* 
in tin kmvgdtilMifkl rttvitta, tin* most common up? tin ftroliU**. 
atilhito* upqpHytilths ItrulEifnlitr, ptiloNlc. limtuontito; 

Iitno Ihonitiiamtc and nUlilm/ilo: rttldl<% ^rv iLnIliur qtiurK fir rmk- 
iHjltll nnd iU irryplotfryalaJJimt TAfifttk*, dijdwdiMiy* ago ton, 

* Up S. >l r i«-dJ 1 i 1 Li±fl-r-iPi 4 ituifitin, Jftlfififfrl&f fffw*™ + ircii. xnuii, 1021 
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Muiidiiuii tiflliditopc, l.-it < iiii 1 , jaspw , **(e. (jluiiMtiitc is 

abundant us * cnutinR round 1 he konu'fn. A quantity of bitumen 
mul asphalt, filling large oaviti.^ in the lava* iwwr Bombay. ««s 
( t ,iiutl in lot v. This may hu ve -iriginatetf by dimillation -if urganlo 
matter contained in the amodated wfdiiuentary bed# by tins beat 
of i ho Jiivns. 

Stratigraphy of the Dcccan Trap—Tht' followup tulilo shows liio 
stnitiprsphn' rdntinns of tin- IWoaa Traps nninng i Inmisc-lves, 
iiml almn with 1 ha overlying and undi riving rocks 


Xummulitio of Buret and Bn** : Eih-hm of Qlkh tiifrib'. 


tTmonfonuity. 

Upper Traps 

1300 a. 


JUiildle Trap 

4000 ft 


lantrr Trips 

GOO ft 


Of Bombay md Kathiawar. Lay* flow* with 
niuiMTOiii* ysh-liaiin ; sedimentary hder-trameMl 
nf Himihny idtll tifp number uf fo«dI 
vnrieihfutfi nJid moOlMiratli rtlialb. 

Of ami Mjulhyji Hhun*. Uv«> rttiii ^ 

bed? faradiqr the thifetant (mu* of the wife*- So 
fiwilifefOUN iriter-1 riippwn beds. 

Of Mndhvtt rtodedi, N.itlmdii. Vk'tm. ale Lava * 
yHth few .iak barlii. FiwailifrTtuw int<'irdrflpp*<Miii 
imilMVtniu 


Might umxffifcitrnlty. — 

Initial * fw liifmtrnppcAJi h^me-* i 1M^3 l bodi* ; Jctb+iljnif 1«ds And 
older rm'k*. 

Inter-ttapireAH feed* AI hIh^H imtrvsilrt thr iFmt-Jhm-s ura 
sa[WiisitaiJ bv *id intent ary l yet I ^ nf shift II vertiartl hh wall jih I u_'ri- 
zcrntul rstewt, of btuutriiM or fltfrifltUc dep^ittoo* (ormml Oti tho 
irragulantice of the stirikc* during Lhe eruptive intend TIk^ 
H^JiriKiiriay beds* knotvn nr Itderdmppcan t>cdi, tire Ibwilifeffiua* 
find nre viduahtp ,ns furnishing ihts bmUity of the |»ricHl- «if orijptj ve 
quioacarK.^ th*rt imorrehed bat wepin tb* rciicetSBdvt? outbiircitft, uik! 
of the imirimbi /end plnnM thiit ugoin atirJ Jigsin migrated to 
quiet centra. 1 nimJJy t hey fire only 3 m 10 feel in thickniHi. md 
rtfr not mam tluui three to four rusk-* in Inters I extent p hut thvy 
cira fnirly regularly distributed thratighmit the lm*r aitd npptt 
bainp nirely niusent for any diulnnee in tlirin- 111f n 

eonipri^tn^ IhoHa Ih'iIh nw a hlurk, cbrTU twk rawhiblnig lydftOi 
Ktnitiried voloame detritus tm[*urr and eluyij. Many 

plrtJd-ttJiitiiiiB -i ml frctfli-vniter molhmc/m ^hetts arr- rnfMEislwd in 
thcse + together flith inwets, emtaceu, mid the rrlit-ji nf Hitbes. 
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frog** Uidniwx ftr. Tht 1 mi mi MRUttOf) ulloll, which iff il|p flir 
nurni chnwhriMii fossil h hi the mttTtinpjHuin bed*, whi^vcr 
they liHiVf 1 bteti ditfonreruci, in /%.«/ | ttutitiu*} pritmjni—n 
upwie* of Fn^h-tt iiU r gwttmfiod; ulhrr fimtdb nrr hymrutfu, f r nin h 
Pnttidiivi, Vtthvtb t fc Mrtn nui, Ifitticn. Fittirjpr, CeTtlhitim, Turri- 

teJtn, Pujm; the-OTMtWSrin 1 tunuoiifciwntfti nml Imuiw, Hcafrs, 
scute* ttja■ S L«th of if-rtohnito nriiMiriln, *\<j. fish* Frog* {Ram and 
(faqpj tfkiMtu*) nml torUiised {SpdrwrpU t TtMudv, *tc>). The thim i* 
very rit'h in jin Ini4. uf which tuitnenui* at^tm Have been found st# 
well nn leave* imrl fruit*: agmcml apeciea of dicotyledon mi* tm^ 
are also pm^ent. In pirni-* n rink aquatic Iof a including Hu- fb‘*h 
water nlgJi Uhartt y tlu 4 tvahr-fr-ni Azulht and other mpmtie pknl# 
ha* l**sn found U>uutifiiJJy prewired in a nhtrrU VtK«k which if* 
pmhohly r hi- mud onnkeH. 

Jnitr-rrapjM-on beds on* exposed in guuci mfufriimiH nt Bombay 
(.\IaIiIi:U' bill -in ! ^Vnriij 1 whereabout H>D li-et ofmriM'^dediiioli - 
an- bctwvrn two liiv^dlowfi, tmui lining numofour* mnrbimi^d 
[iliiut-n, many frog*, a fcuriobe Jitnd Cypm shells 

A prolific mva for fnsrdJifrrfliH Inter-fcittpjMnrift i* rhhmdwtLra 
in \liirihyth Prudish, where l^atitifnJly ndldfiod Junve^ flowers,, 
fruits, seed* ami wood of mam n[K’d< * of plant# axv \m *-*rml in 
ibtmdunee. 

A type Motion through n portion of the IumUa wiU ahaw the 
relation* of the LrajJ^ to thew 1 -wdi intuits ry luterealAthms us well 
an to rlii! infra-trap pe*fi Uluuhh*i. 

1 Bedded buuiliA, thick, Indhwiuid flows often marked on upper 
and lower hy etuaro-bolp* 

2 . Chi rty beds* Jydltrs, with fni*, ftrfiufiii'j, f iWtsil weed, 

o feet. 

3. Keddrd besdls. very thick* 

I. Ititpim- liansstow, afcraliftwl tLiJIk, <tc+f willj t-^ 
i /jurftitu^b broken siiolkp 7 feet, 

5. iktliiod biffiiltfl* thick. 

ft, ^iliceutiH limcifitone® with nmuletlCHn^ with >% few hWI 

frapnmitfl, 20 foot. 

The mode of ensptioa of the Deccan Trap Tlie Iqwiotwi trap- 
peon berJ?i rest upon mi uneven IIiNir of nldrr rwkfli sbowing (3uit 
the erupt ions were sahiimd anfl not ssibuijiic^ou^ In ibr latter 
ease, i.j. if the eruption* HikI tuki'ii n!n('<- oti tin* ton 1 of iht’ 
or lukes. t he junctioti plmc Jictw+ L t ,i ti the two tfould h-i^ i bcon ([uit* 
even, from the depnailing action of water. \-< already aJIuiii^l to, 
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thr- actual tn-«tp of the -rut.iM.MM ™ dwohnrgc through linear 

h^n-, fnnu which a ll«W;- m^m.l welled . and Hpteiid 

llsdf out in wide In.riw.utoI sfanutK This * ahunilmitJy 

[ mnvr , otrt l.v the monotonous luirirantolity nf the tra)w -very- 
Wh-ie, end thr absent of any wms or crowr nf the Usual type «» 
tiic foci of thr miptKuw, whether within the trap region erott it* 
periphery. Tin* moat glgonfew oolpwaingft of Uv»» in the past, 
in othrr stftttH of the world, the Hute&u Roiftlt* hove nl W iwtt 
place throogh fissure-, ri-. the {{tool basaltic plateau of Idaho ui 
the O.S.A., the Ahvaataian plateau and the sheet baanHs of An¬ 
trim etc. A resent ajialcgy, though ou a very much Oilier 
sen If, is fumishod by the J-buidio typo of eruptions, i.r. -niptiotw 
from n uluiin of maters situated along fissure -hues. tU i Ik- 1-nKt 
(MUjitioii iif 178JU 

Fissufft-dykra in tho traps—Fur urnv premf <?I (ho i-siatoinue ui 
the original fissures which eorvixl m> the ehanneb of i has* eruption* 
WB n!iou|[| look to the peripheral tract* of the J*wCflii Tt-dj*, «£ ■( 
i a not easy to detect dykes and bit rush nW, however huge, in tin- 
nmin mw* of the Imu urilcw the Former differ in petrofogKal 
characters Emm the latter, which is randy the 
Looked at in this way, some evidence is forth com mg as to the 
original direction and distribution of the litwtrt*. Dykes of large 
»ixe, massive irregular intro mkuh?, and rt-nli- 1 k.-<1i+ are observed at, a 
[lumber of places in the neighbourhood of the trap urea around it* 
boundarv. 1 The most. notable of thew* i» ih<- Rajpi[dj| lull tract 
near Broach. In Catch likewise there ore manor min large dykes 
and complex mniiflcations of intrusive miws-r visii.li 1 ., along the 
wig* of the trap country, among the .turaseio rwks. I he trap 
area or Kathiawar is traversed by a b»tg* number ..f dykes m* 
trmJi^] into tho main mass of the !avti~ They are of all si*™> 
from tbin veins to masse* hundreds, of yards wide nnrl some roll® 
in length. mid follow different directions, fin dyk.-s <M Knlhiu 
war are eom|>oaed either of an acid, (rat-hylic rock or of » coar«-- 
groined dark duleritio or (linntie iiiuw, Similar fiftatirc-dykas 
occur in Lhe Narbada valley and Satpur* area among the Gond- 
Mana rock*; they are likewise seen in the Konlaci, while nah-lMsls 
are of very frequent occurrence near Poolm; oil these ore evidence* 
of the vicinity nf an eruptive focus, I r i» clear that, the foregoing 

i Till driers, Ii.inwuw iUtal .wliW. muni uaMirnUy i.t. iinil is lt» Wi"**? 
of an mipEii^n iilt-, *tul I Hum Mj* to tiuHMm t hfi I watW I of *Hp 

|Uulwlrlr liiHMtiiin Hi th« inlnW. 
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inMnncir- of dyke*, i-l-i- mro only I hi? starting -points of the linear 
fissure* whfoh extended - ftcai way into t lir« interior 
It is possible* that nil these dykon may not have been (berler^ to 
the kvft ttruptiem. Some evidence h : ■ bet 1 ft provided lately to 
suggest til fit till m bar of dykes, esrperiallY thnec observed within 
the body of tin 1 im|i-0imK were of Inter net- than the IttVH-JlawB, 
belonging; bp a *iibfloqu£f|fi hy pogtm* pbnseA 
Age of the Deccan Traps— Them i* no imnohisive intern* I evi¬ 
dence in The Dtfjcan Trap with regard to their age. The inter- 
imppean fofgib do not throw any certain light oft she age of the 
hetU in which they nn- entombed. To establish an accurate 
aarretatirirt of the great volr^nifi ffcrrkre in lunm of the standard 
stratigraphic sequence, we inu^r took to - Klerrui! evidence flat 
nbhed by the underlying and o Forty mg imiririb nrui e^.uatHiie 
bed*. The eruptions \rm rarrtiiiniy Fiih^npirnt to the Hugh Ih?i|* 
((,>n o n j:i rn a n) which t hey e iVerliD at ms e pi in j»i a rI 1 < > r h e 1 #rt 11 w f 11 
series which fliej overJie nt othem. Another indication of the 
age lm provided by the intaratniLificntinri of a few Hohh id t lie* 
t raps with the tfVn/rtat lied* of Sind t who*e borimn i* 

lixed ns [Mrnjan or snrm>whot newer. \i one or two pkiei ^ *m 
the west co**t the Imp are seemingly uncoTiforraably overlain by 
iinfill outlinra of Xiimmiilitie beds, ns m Surat arid Bruudi. Here 
the Miijuireritlv u noon fomta hie junction, denoting -m appreembfo 
(apse erf time Irntwe^d The last eruption* and the ^iiL mergence uf 
tile area, is quite marked. At Hajahniimdry, on tit t ihubsyarr 
delta, a diifftant outlier of I he traps orrure ruling oh the top of a 
sniuH thickness of marine Crritoeeniifl satirist one of A rival or ngc. 
Id the midst, of the trap series in The butmimed locality tun&lbnnd 
sedimentary Iwte of istnnrmo and marine dejKmining 
fosniJs Rui'h as Phym (Buiinv*) Turritdln l XautiitUi 

UtrithinrH* J ftmjrmw, Voiamidf *, Vorffnin Ttfmpiin<h 

WfrctM- Those fossr!s + howoFUTi do not lead to any definite infer¬ 
ence, ns the affinities of the spoofe* and genet* one not very prw* 
noimoed. HeeeDt esa mi nation hy Prof. Sulim of the riels foawil 
flurn from the base of the tatppean series of the XnapuT’Chliitirb- 
warii urcfi^ OoOtaiuing all ubiindnnec nt fmvd ftalms. t he fKMjtim ntX' 
ainong thciuu of Xiptidit&s. a charficter^tic Eoct^ne genudi and the 
pfe0dU3e of raiMfOiia fert ile dpccimcna q( Azoth >a ruoderu gp?mi^ 
of floating water-form of which nil the previous fo*Ml record* *uv 
prat flead Jttm to hi for an early Tertkiy ogn for the 

* J «. Aarlira, Ttun** XM- tcJ - ^ 3 « tf * B ' 
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traps. According to Kahni. i1j*j intefstamppeon Wort, finds its 
cleuiCsl- a (fruitses with thu Lottii»n elatt from. I In?* cnmiujuan 
sHf'ims ii> find support from recent Gnds by L. K. Boo uml "there 
of foremtoif™ of the famiUcs Eotnltid*©, Lngcmidne, mid Nfli* 
II V of r.fiamphytie n-mniiu frum mart bods, and of .Irirtdflrm 
and other tilyit from mi intcT-trappiyui limes tone OTtitimng in the 
sued I trap outcrop near Rajslmiiniijrv. 

If Sir A. Woodward 1 * inference of tho age »f the fish fossils from 
tin* Lumet a urii's (which is distinctly i«/wr*tnippftan in position) 
U accepted (p. tM), the Uasc of th* trap would be positively 
Eoociu*. An EoOpho ape is nlsit supported by the study nt sumo 
fny ml (mh^calcfl from the i^r-trappean ImwIs of Befcul district, 
Madhya Pradesh. Dr. S. L. Horn recognises in these scales 
represents ive* of an lurtcoglastid genus Miujicrm and sever;!I 
npeeies of the same* Cbtpui] with some pmwoid iMn* t he fossil 
member* of whith family cam it only ad far hack ad the Eocene. 1 

The pn-.-nt jHjditwn nun lm thus summarised: from uxtnuM 
evidence it is quite apparent that the Deccan Traps cannot tie 
older than the Jiuriian Mage of tlm uppermost Crotflcwus. while 
from the internal evidron o nf foneU Jlthea. puliiis and fotamiilifers, 
etc. thev on nun I la* much younger than the Eiksoiip. 

Except for the Tertians* at Surat and Broach noted shove, 
together with tho alluvial ilcinwite of rivnr-valleys, by far the 
largest area of the traps la not covered by any later formation* 
The pcutilisr immaterial alteration-product known as lattritc sur¬ 
mounts the highest tltiw of the imp* everywhere asu cap, having 
been produced by a slow meteoric alteration uf the busulfa. 

Economics—The basalts are largely employed a* njfld-mntai, in 
public works, and alflo To a certain extent a* a building atone in 
private dwellings. From their prevailing dark colour and their 
generally sombre as petit, however. Hid rocks am not a favourite 
building material, QJCWpt sonic iight-oqloured Variatins, < <; the 
huff trachytes of Ms lad, near Bombay, Tho huge kernels of 
chalcedony often yield beautiful Agates, cankdiau*, etc., worked 
into various ornamental altieW by the lapidaries, for which there 
fit on oc a large market at Cam bay. These ON obtained from a 
Tertiary conglomerate, in which pohhlea t»f ohalredony, derived 
from the weathering of the traps, were sealed up. Tlie sands of 
some of t he rivers and some* ports of the sen-cofiM. im* niajpuiUlic, 
and wlteri sufficiently concentrated (a* ■>» «mie ^ea-lawbes) sin 
* Hot. vat, l*ru. pi. 3. 11137. 
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sini'lkd fur in mi. (Wtrfitirm* of midiTgroiihd wnlrr oUtt and 
supply m thf j Meccan Tmp ureas iirt* of hiiom+t, 'l fc hr- v^ionli&r 
purls of the hodiJcd kmn make gornj iquifers ifnl yip Id fair 
Ruppliwt of ntkderxroood water, 'Fhiste together with the timncr 
mis joints find tisermft nn> the only mnanB ^ if water storage in thin 
otherwise impervious nmi motive fornuuirirr. lontaiitmg Uni few 
atr&tilicatJoin'planoA or ponnia layern The suit pfixlm-rd by fin- 
deEfmifwMit.ion of the basalts fa h rich aifHfmttuml ii 

highly ftrgillawnifi dork |nnm r containing calcium and tiiJtgm^intn 
cjirhon^tf^, potash* phosphate*, etc. Much of tbr« well-known 
“ cotton-soil ", known ns the M blftok-ftail nr MJtfttr, fa due To the 
siibuuriii! weathering of the KmimIIs ptj .rifir and n subsequent ad- 
nuxtmr of the waathoitd products wit h iron find organic mutter. 
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CHAPTMR XVfl 

THE TERTIARY SYSTEMS 

INTRODUCTORY 

General—In Europe U» upper llmil of tin- ( Yetaceou» is marked 
by mi u ljnijit Aiatu* !«>U« n il uml lho overlying Eocene group of 
dinposite. A floddea end striking change of fauna takes place m 
i In- Utter nv-atem of deposit*, whole I . milieu amlorttore of animals 
ilk- out, ami new ami more advanced Ivpesof orualures make I bsw 
np^rurmre, Tin- diua of reptile*. the pro-omlncnl: vertebrates of 
tlto (IretaoeOtia period, untk'fgo a serious decline by lira widespread 
H,\Htiotion of many of the orders >>f the class. and nntmmuls begin 
In take precedence. The earliest mammals are of a simple or 
generalised type of organisation, but they soon increase in earn* 
plt-sitv, and ore diifeivritlaiod info ft large number of genera* 
iiiTnilii ' an d < Uricm . Among I lie in vert ebra la the tsv pint lopcultdasS 
Huflfcm widespread extinction of its specie* with the ml vein of the 
nrw era. the ammonite* and Ih'hnmitas up- swept away altogether. 
They are now lucre!) itoni* of geological history, like the tatlo- 
lutiw of the fniaiKMOie urn. The ] dace- of the cephalopoda is taken 
bv thw gastropods, which enler on I he [mind ol tIn-ir imudiiiuin 
development. 

In India these change* in the history nflih mu- m* well mnrklsd 
a* in the other part h of the world, alt hough then is not all) sharply 
marked stratigraphies I break jK-rcJ-pt iblt- jia in Europe. 

Physical changes—Thr Tcrt jury i-m I - the moat ins [tori ant hi i In- 
physical history of (he whale Indian region, its*- Himalaya - .l* "'ill 
to the PcniiBnio. Ii waa during l hew.* ages that ihe mod import * 
ant snifnce-feniumt of Ura area wet'* aerpiimt, nnd the present 
configuration of the country ins outlined. With the middle t>f 
the Eocene, an era of earth- niuvmnenta set in whii-h tnatctuU)' 
altered this old geography of the Indian region. Two great tu-mita 
of goody namies stand out prominently in tht‘*e madjufitmcn f s : 
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fuit 1 III* riiml bivjikif^ up '•I'Un- 41 I.Ji.m-Jw-jituk luntimut by thu 
submergcii 1 > *>(htrp* -r»fiuuLH oljl unfUuti'-aih tin ^ea. 1 Lho other 
the upjil't of lho Tethyan imd uf sva dop^iin it- the 

north inui ihe lufty olmin ofOn IlmieUyud 
Till prqdighiuti outburst of igtUHiua forces si Uu? very «nd of 
11li■ Crftju-EHJLIH mmmuk explicable when v lowed ui tHJimwfckm ivillj 
thiwb puwerfiil and deform at ^ Tlio dom 

^Hfli>cjivt inn of jjorjoda of oa^-umvuiufliU with phenomena nf 
tuloiuiiojly in Ufo ixHJttflds 6t the pant lend* support to the i nfa raiiw 
that the biU mid j m. sewu m jgnoom* u *:1 i vity was vn bqiUo wny 
mitcwh-ut to ihiw’ eartii-fiiov&inentii. 

Tin- transfer offluoh qj&ases of ma^ma Lie matter, a* we hive seen 
in the Ijl.M uhjipteh*, frt>iu the inner tu thv utjtar Hjiinuf thu earth'd 
sphere could not l>ut hr arcomponied by marked elfWita on the 
Hiirfftcr. chiefly of tlu 1 nature of suh-hlenc* of uruiaL-MocIua and. 
rteeondly, w riukh*> and fold* of the fiuperiioTal mink and rict vtrm 
Lbe dishmtions and deep eurrugntions of the mirfucr which 
marked thready fwtrt oftiu- Tertiary muul have produced material 
eJFoeti on the diaper smim, The cxaul ualmv of this interaction 
In 4w n n t In- interim and interior of the earth i* not understood, 
hat there i* no doubt rrgurdmg die ixdhiieral and coflaeijueiJtml 
nature of the two ptwruimciut of ertrptivity and eartb-inovcnienu- 
The elevation of the Himalayas The pile of marine &odi merits, 
that wan acuu initial ini' on the border of Lhe liimahyaa and hi 
Tibet since the LVrmiau period, began to be upbeaved by a slow 
seeuhir rise of the mawndHiltoiu. FiX‘in Mid-Eoaflue Lo the onct 
of the Tertiary thin uplieaval oonttaobd* in wji oinl intermittent. 
pliiLsm. euob separated by loitg gainods of time, till un the site of 
the Utwwoie sea was nrnml the gwteal and luftiwl chum of 
liituinUinti of the earth. I hr Inal dgn& of 1fu‘ 1 otbys, after It® 
evnciuatjon of tJao TSbetan jw-a. n Jiuiined In the form of u few 
a trusting baaina. One of riioui he i fftfl ucowpioU a hir^e tniot in 
Ladikb-.h north id the Zirnnhin riiiiL> tind another incurred in tho 
H undo- provineo of Kuunwind iiLl Ufcwr Hours w on laid dow n iho 
rimrnctoridtitidejawitonf tin.- Jice. inoludfajf them tha Xinn 

mulitic limr^tone -ihiiJ (ndnhiiBhk and onhilhiig liuwlmitrk of 
Tertiary geological history. Tin ^ ^imimtary has inn are Of high 


* El lii pmbdihi Lljfls <J,n dimiiuiur Ml n j*i* 

Anku|>rJi«i>:pinfflnn*U k* 

w/k.'SE Hull l(k.< wr^ 11.4- feMAy * Pfl 
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voJnr, thmifuir. hi fining tire da»o ..f ... ofllte Uplift 

n f the Himalaya* in tlM« tinw-«t»t'' of jBooiogy. 

Thrcu phases of upheaval of the Himalayas- There appear to 
hav® hwu three important phase* of this upheaval of tins mountain 
^vatem. The first of Ibtw vraa poetd!?mnmditic. »>. lowartlj" this 
end of the Eocene, culminating in tlio Oligooww; this iHg« ™P 
tho central aiin of ancient sedimentary and crystalline locks. 1t 
WW apparently followed by a movement of greater intensity ohoiit 
the middle of tile Miown.*. The most important phase elevated 
the central par! of tin' range together with the outlying zone of 
Siwalik dfipCtttta into lh^ viiM mugc of mountains which W) *mco 
b^ n reduced by di!iHid*tJun to form the prosaist Htmalay^a. 
This ItvsL stHL^e wm mainly of pcwt-Plioaanfi Inter tfejm the* 
deposition r>f the greater pari of the Biwalika. and did not 
till after the middle of the PteifitoccUB. 1 Them is #>me proof that 
the eloTrttuTv movement b*» not entirely disappeared even ulUna 
recent times, 

4fter the final breaking up of GaodwanaJand, tho most pro¬ 
minent feature of tin: . nrthV Mesoaoic geography, Lho Ftmuwuhr 
of forlm acquired its present restricted form- Incidental to tins 
chvi gtt, a profound radistrOmthnr of laud nod sea must have taken 
place in the sitiithorn heniiaphoro. Few geographic-til changes ot 
nnv magnitude have uooorred disco Hu.'** events, and the iriangLi- 
lar outline of South India acquired then im& not been altered to 

miy materiel] extent- . , 

blstribtttton of tht‘ Tertiary systems m India— f&tu&ry tow*, 
from the Eocene upward* to the Pfinww, cover very large areas 
of India, but in a moot unequal proportion in the PemnmiU ami 
the eitm-Feninswlft- in the Ptaiiiimila a few mjd*.riificnnt out* 
crops of hijiaTI lateral a* Wfifl aa vertical uxU.nl ore oipr^ed in the 
vicinity of the roast of Travmncore. MaUlmr, Onjaral am! kathift' 
war, A somewhat larger arcs if cto vred on the coat coasi by these 
rocks where n belt ofnmrmr ooartul deposit* of variable horiion, 
from Eocene to Miocene and I’liownr. Is duwfopdl : wlthm tin# 

n t he i 'mtdnhtrt juntArttme . A third ami m.in.OOucled sequoiKT 

of Tertiary deimiteis iirCutob, where a band of thews recks over 
lies the south Imnicrof the Deccan 1 nip. 


» In tho N«V awvnelka. »K» i-r 1 1’|. OmldureiWcE"^'*^ 

irttaows-Fb'iHowiTwi h*v* l»tn t.lt«U (ill to n wrti sl {x-.ltic.ft tor 
1„ the cpr-r v.ll^v ..I tlx fciU»| m Wi KlKirsam. 
alhiviu.ni tn*t* im-gsOftfonfutHy n» INr^-nr *«*<*■ itw L 

ili^wtU «jf J*1 kjw 1 wom&mhh WD^imt mi UMR* 
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Tnrtiary systems of the extra-Peninsula—'The Tertiary rodtn of 
thr extra-Pen euihiIji nr> i much mare important, and occupy ah 
cnurmnu* superficial s-vteinE of the country Tlmy atv mmt 
l^jiiiiiiviuly displayed ill s% belt running along thu (tot of the 
mountainous country on the western. northern, And cantoni bor¬ 
ders of thr country. The Tertiary rock* Are eftjMsntuiJIy conncatod 
with (beets mountain-range^ and enter largely fnto their arehl- 
lecture. The geological map of India liepiet^ pin unbroken band 
of Tertiary development running from the ftnutlwmnnwt limit uf 
Sind Anil Baluchistan along the whole of the wot frontier uf 
India, through the traitfr-lndiifl rangre* in (ho north-west Hinm- 
lstyH-n„ where it attains iti greatest widths from there the Tertiary 
[nwl mil Lin ure Hurtward, though with n iljminKhhi>d breadth of 
outcrop, 1 1 Jinking tlie foul of the Punjab, Kti fa« m f Md 
V^mn Himalaya*, up to their tvmiinution at the gorge of the 
HrHhmapatnk Thence tin*! niiterep continue* southward with an 
acute tom l of t.ht- strike It tit hero tlmt the Tertiary system 
nttAiEia it-s greater nnd widest auperfldiil ex lout, expanding over 
Tjflfitem .\jg»wm mud Upper and I-ower Burma to the extreme south 
df Burma. 

Dual facies of Tertiary deposit— hi nil (lnw imm Urn Tertiary 
Astern exhibits a double furies uf deposits—a lower marine hides 
find an upper fresh-water «r unkaeriiil. 1"be usaot hurizun whore 
thr^ change from marine iwndlthwa n> fresh-water takes place 
cannot be located with certaint)' at all part*, but from Sind to 
Burma oveurywhere the Eoceim i* luarinn anti the Plioeeno Hu via - 
tile or even subttcriaL The in which the efcriy Tertiary strata 
were laid down were gradually driven iNOtk hy an tiprino of ttolr 
bottom*. iind rrtreimJftmthwurdj* from the twoextrernitiea of the 
evtrnd^nin=nilrt d mw tcmanh the Bay >i Bengal aiirj the other 
towards Sind and tto Ham of Oulcb f giving pkrt, in their eUm 
regn^hm, to gulf, uatiHiriu*- and then to fliivintilo condition 

Thera were, however, two juried* at which Important ahniigra 
took place throughiwit t.he greater |«iri of the arm of reiiiary 
deputation. The first was nt the iud of the ■ Ulg<.wnc% whan there 
wn? a tomjHirary but wuh^pread retreat oft to Mut,w eIuh nnwlierrs 
in the Tcrtrary fflrtctvpe thnt have torn fttudbtl in detail baa there 
been found Fin unbroken ^jcpraKijon fniiii the OUgoeenu to i-bt 
Miocene. The break is greatest m the northern jittri of Western 
I p aklatan k wham the Qligoeen^ in completely rtln^^nl and in north- 
eastern Aaa&m where mm* of the and much of the Lower 
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Utownfi mv missing. The sjijooihI import,mi break marked by 
Ini'll! folding UK^'fiiwilto in tssaui arid Burma, iwiirwl la tv in the 
before the depositionof the Bontfnn. J hiring thi-, break 
H’vmii tluuaantb* of Swt«)f Miocene tfepoait' wow removed from 
the uplifted area*. 

Ilii- liitrklHitie of Tertiary India—its main watershed—wmp the 
Vtinlhvaii mountain* and the Kuimiir rklgc, continued northeast 
|iy ,hr HhJtari!ingh-iujnmhfi] >iU1#» and iho Awnm ranges, Hi* 
divide separated the northerly drainage, Bowing into the remnant 
of dir TethjTi (left after the first, mid-Euccne uplift of tJia Himn- 
la ne), Emm the soul hw aid-Bowing drainage into the Indian Ocean, 
Thom wen- Hum two prinwpil gulfs: the Sind gull extending 
through Ootob, Western Itajpultmn, PunjA* Sunk mid Nopal; 
,mt] i.Iih Eastern gulf, subdivided Into two hy the ridge of the 
Artikmi Yonin into the A<-aiB gulf am) t lio Burma gulf. The 
tJangatte pin ins (fen wore a featureless ospitnf* of rocky country 
sloping northwards from ftie central highlands towards the narrow 
eastward ox tension of the Sind golf. 

The whole Tertiary history of India is exhaustively recorded in 
the doporito tilling up thei* two gulfs. M the *“»« dwindled and 
receded, they were replaced by tfe broad estuaries of the rivers 
succeeding tiicm hr,, the Indus in Sind, the < hinges- Brahmaputra 
svsteiu In the eiwuf of the Assam gull ip- AS), and the Irrawaddy 
in Biirnin; their earlier marine deposits were succeeded, on ife 
hi jids uf the gtllik were pushed outwards, by the growing estuarine 
mill ddtaUi sedimeiita uf the rivers -ui|K-mHiing thorn 

In the piwont chajrtcr we Hindi take mbrinf general roview of tho 
Tertiary sequence in India m a whole, leaving the more detailed 
notice of these system# to the threw fallowing chapters. 

TEBTIASY SYSTEMS OF PENINSULAR INDIA 

In the tVmrumlii tlui fallowing amiryvnces of rin< Tertiary strata 
ore nhwervrd; 

Oujaral 

Tcrtiarieg of Surat and Broach Two sum 11 exiotftm;::- of Kncene 
roefe, iiWi underlying thi- laferite cap are seen ns infers in tin- 
alluvial country between Surat and Broach,' Tim component 
rocks art' thick lasli of ferruginous clay, with gravel beds, smftrl- 
to ill's rtud UuintoiHM, from flop to kind foot, in thickness noting 
with a die Unci mitsonfbrmity un the underlying trap*. Tiieso i»d# 

* VV. T, Blunfrinl, fl-S.I. vuf. vi- pi. X I sMJtt. 
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an 1 Wtill i‘\ |k •■■-'■<I ni Rodham > nrar Stir+il ^m the Tapis, and mleud 
for niili%H Th*' gmveliH nrr wholly . mu^^rd nf rolbul 
petifjkw and (filing Aguft44t tli'tivfd from tin 1 d nm h-yrat hoi Of l hi- 
imp* Lliiti-jitone /itmtii arc found in Lhr lower part of the 
nxjMWiiro, mil*J tin* full of furaiJitTiifro. lictungiug in novum I njh-ri^ 

tif t}if- yumi* in id abu Tibia, XtUim t eU\, 

From Hu- i vddt-ii^ri id uhirfi Hie lowest purl of tin? Gujarat Trrti- 
arwH m corn luted with tin- krrthut of Shy], ’Hu- Itigtif-t 

bed*. which nontniu the kiramimfri ar*\ m-^-ij-itIeej u U* 

S. K. Sumy mm Rao 1 wifi F« K, Kami*. i^nivslmt to I ho upjww- 
tnost Eocene. and thtw higher than I In- K irthar hids of Sim], The 
name SPn/sft *mV* h** hwm aiigjMiaL Above those todi tiujnm 
n grant thickness 4IHXK5O0U feet, of oongbmerit tit gmvd lusdn atnl 
da y*y and furnigmoua rumdatontti woU ft* pored at lUtaApiir, near 
Broach. Tho gravel and jditngb lied* contain many water worn 
P*hhlpH of flhftlufrJimy* The latlor pebbles *ro extracted, by 
ini^iiu of pita dug into the imrigJnnirniU!* lor working them for 
sign lev. The Agf- of t 1 m* upper gnjitp j* rudijnEiU'iJ rin t-quivoteril to 
UU9 i r.hj <err<'^ of Sind. 

Thhi sn ;U I hick lira of “Aguio i'ongloiiHTuU "\ uverlyisg the 
Niumfidlif itrn tif Surat and Broads i& woLL f>Epo*«l in sectiwaa (fet 
I hi- bank* uf the Tapti near Tarhiwkwar, I ho pivvailing fo^il is 
/rfpMoryfftw*i. chametarifitio of the Sari add * «sj series uf tlio Sind 
! lliguneiic- Lower M iocvtu 1 . 

Exicinuvr *nm of northern Gujarat ura levered under a rida 
(KHft-Iferiiiirj' aHnviuni or bturk Aoih ft k probable that the 
idJiivial count rt' from Sand iti Ahrmidahjid ruamly of iMtuarino 
and partly of marine nrigio, iilUug up n btt>ad ami of the sea which 
ixmoeotod tht* Oulf of Camliay with tho Bunn ofCutdi - hji mhind 
in early PbWoeci5» Tiim^t {ji. ^MTj, Bctwwn tliw Ruthjftwur 
fiemn^ulo tind Almiinlithnd UiOfr irtll limgilcpn^dtmot euTiieiinmiZ' 
a largo ~hn I In w hiJo:kish- water bkc i+Vo/j, whfah oonEirrus Uio 
probability of thb tract being an old umnrm inl^t. 

Kathiawar 

Perim Liltuid T«rti«y—At. the vxuvme *-«■! awl wwt points of 
the Hath in war peidneitUi Tertiary >tmtu ranging from OlJgo^tin 
to Miocene age nm fount! OYM'tyiog the Tlw wc^terri out¬ 

crop is known fl> the Ihmrh* bed** and ooruiiiilA of *uft g^ r ffelfcrutij+ 
cJavtf overlain by ssiidiy litlcontuiniTig riumy JoftujiIiiif(? , rs- 
I Jrnr m, My*rf* ToL it pt i F IS»4h 
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'flu. nfh.-r m , «iirppii*'<" i*- nw Hhunmgur, a dt'Uu’htMi • ■iittwr id 
n props out in the l j 11 If of * iimlmy J1! * tl"’ island of J <Tiin. 
Tilt) Ptrfim bland wu* a famous InealiLt for the collection of Ter- 
tinrj mnmmoliaii rowaib, it lid baft yicUUxL in past years many iw- 
fevl fowil of several varieties of extinct quodrupedfl. 

Tke rock is n hard ossiferous con^memte, endnsing many akiiliu. 
Umbdroties, jaws, tooth, etc. of inftDiinuJs UIw gtmta If 'apm), pigs 
(Nuj), iMnsMtnum. JMineew**. }fa*todon, etc., of MitUllo and 
even Upper Tertiary iifflmtie* (Mlmaiu> to riio.xHie). Many of 
thuse relics were found muting thi' l^ach-idiinglcs produced by 
wave-action on the conglomerate count*. 

Xurnmnlitio amt later strata of JCoec in‘Miocene age (Xttnimsi- 
litiu to Gaj h'lrimn) probably ciisl on both -tulto of t.iio Gulf of 
I nmboy, hinted under pocU-Tertian alluvia; this factia presumed 
fmiri tin- ns-isttmee of sporadic reservoir* of natural hydrocarbon 
pa* underground in part* round Baronin and the cast cuual of 
Kathiawar. 1 The foot tliat the chief [lelroliferoufl hurLsonn of the 
Punjab, Assam and Burma an: restricted to rock* of this system 
(Eo-Mwoene) loud* colour to the supposition that the Gulf of 
Cambay was a subsidiary branch of the Sittd gulf, and locally 
afforded conditians writable for til# dopndtiOU of oil-forming 
material. Ondetnetith the Gulf nf 1 unibay, it is ptis^i bio that 
suitable atrnctme «r disposition <>f Mttidlnal or dome fold* may 
esiflt favouring the ati/rngc of oil in commercial quantity. 

I >Vith the exceptions of the rather large Jtirawdc iidinr around Dhran- 
(jarlhra, n ffi* Mittal I Cretaceous wtmip* near WftdMWo* and the 
Tertiary' iJtnlppBMnl described above, by far the largest surface- 
extent of the Kathiawar jurfiintulw I# occupied by the bftftaltia tmj», 
U it only in lJio peripheral {tarts of the pnjvifMM, ia the immediate 

vicinity of the.. t hat rocks of different r«tnjhr=itkiii an* nsel with. 

composed of marina coast*] aceamtihitioiM of later ages, Of three the 
tkpour- known -i* the Barbu infer tnulMcru* iMJUolitn) ore Hie uuwt 
important, and will ■*- rksoribed later.] 

Catch 

Ternaries of Cutch- J'lie Tertiary urea of Uutch is on a larger 
Aeale than thrjso feat dwribed. It in seen bordering the Trap and 
Ihc -Jura&de area of CuLeh projwr. in two Jong hands parallel with 
the coast. The older, inner, blind abuts upon the traps din^B.V. 
while the outer, newer, hand runs parallel with the letter, but 
approaches the Lrapw bv nvmlapping euctjeaaivety the different 
* p. It. QM, llte, ft..9.1. vuL Ula- 1*. i. 1080. 
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^ of lilt' older Tcrtiarlra. Tn the k-mI it. uncmoch&y J-.T ill 
furthet north. and comes r ■ p lest 1 1 ra<-^ kSi T- jrriiJi thi y on the 
tied* by aTCr!ft[ppihy the trap* in turn. 1 

The bottom \^h one argillaceous, with tiii!miii(iu»gy|MDUS3nml 
pyri unia siJmlfM, which by their coii#titotion recall the Laki wrira 
of the niiic-h tn<*p< perfectly studied Tertiary 4t>qufltic!e of Stall. 
They mrumco&cdrd by a Unit- 7uo feet of impure, -omiv linnet urn* 

with iVvnwmfrf<rj p J/nWi'n« p ctunK cihmndirni-*, etc.* rtipmAout- 
tag tlm nmtfdrt Nuimnnlith' liniMtoiiL of tin 1 KirUiar horiEOp. 
Abort titeae c*mi* n thickstimm ^snruif dnyn. marks* and ealGBrtOtnn 
NhoJes, crowded with UrniU of mollusc*, rorala mid edibiodirin^ 
l 7 eafl# P C*erW«, iJrryjinj, etc. Thus pari of the 
aequenpe com-HfNnnl^ to the Uaj {Miocene} Ihj risen of Sind- h 1* 
Kumdd by A Urge tJeveloptniml. of Upper Tertiary stmt a repre¬ 
senting the MAuolmr -r-rse< of Shut and tho Hiwalik of the Ilsmu- 
laysa, The greater part id' i he la I tor formation. however* in mm- 
ceded under rc^ut Alluvium blown sand. etc. 

The itcrampauyitlg la hie give* a go sin nil idea of the Tertiary 
syafcem of { 'uich. iNJiTiliUed with the Kunijn jiii Tortwury : 


ItorVrjl tillllA'lutn : li2nM.ii nimd, wLc. 
Unconformity 

t'errugkiouH ©saigloTnorates, uandstorc«* v ^ ^ 
and clays (J lavtchn of Sind). 

Richly faftstaformi* -lute** clays, and l j^oq f L 

hi n rb with ■amUtoHe W I* (libj *wwJ 
Uncoaifbrmltj — 

Impure NumimilHic liraeettam [Kjfihur ^ 

«rw#J. J 


Recent and 
Phaftoecni^ 

Pliocene, 

Lower Mliri:riit* 


Upper aiid Middle 
Eocene. 


Bituminous* gypeeiffii^ and pytitotiF ^ ^ 

dialc*. etc i/jjjt* / 

Uiieonfcitlmtir --"— “ 

ibwalu of t in LteMit.it Frap. 


Middle L"lh:i m. 


Bajputana 

Roek» of the Tertiary {Btewne) ivM occur in connecti™ with 
the JamNti nod Crct&cemi* inifan of Bikaner* Jodhpur and Jai- 
-nlmi-r hi lhr resort tract of RnjpuUwft. (rest of thr Anivallis. 
Hie ch*nirtcrirttf° Xunmuilitu' liiTiftdom- ih fWftilr rwognfattl ih 
tfirm hv nii'MMH iif jti* fotaininiJrfA utjilother fos*Uu. Thf mmmin- 

■ VVvimhv'* M.I)I of I nill’ti, If"-. (’■*!■ ' •»■ (*'» J. W *4 M ' M il'f 
ul Imliu ••nli' I in-**3S Hiih*. 
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title stntt a are tiudtirl*i& by a jrroup of *Uu\y Imb* the shale* en¬ 
closing mm* Mama uf bitumuioiw eottJ and lignite; Gypsum in 
comridonble imonnte ta interh«ld«l. and the series suei^st* tbs 
Uki fnok-H of the Sind Ti-rt iary Some txwLi of yellow mid brawn 
cni'LbT ehnb belonging H> '<»» "»» q»**ri«l f(,f t,i£s uw ™ 
the material am JblltsrV eartb, while the Ignite and gypsum ora 
Miimblo -if further womnnie development Hie Palana c-onl-ferffJ 
of the Biknncr State, aUoated OR an outcrop «f this ^rice. pro 
diice^ at present t»a than «M»W u( h,x> * ,l nittl I’ cr Vi,lir : 1 hp 
Hnjiuttarm Tcrtiari' * More laid down in a northward extension of 
i hi- i ‘ntoh Koceiw- w». which w-** pndmtdy «• breach of the niain 
Hind 1.1 ulf, 


The Coromandel Coast 

Cuddaloic aariaa A fairly widely developed vans of Tertiary 
fowlliforous rack- i- found nliiifit: the *->i-i wuet, undurlyuii! the 
pomt-Tortbry *ir Quaternary tbniiation* iml overlying tin- \urious 
Mesozoic coastal ricpoeiLH. Thf~<e fomuttoji* range froul Kmx'iw 
tn lniooerio. A lvjssiliferoii> l^iwi-r K-rt^nf liliK*tOH» occure near 
Pondicherry and near-by borings hove found BCtthUa Kmono sands. 
A rich collodion of fostilw, believed U> have ikhh« from a i wring nt 
Kerikal, hu* been thought to )w of 1*0 wef Mimxmr age. hut uuiy be 
younger. Tho principal format inn b mirm-ii the Oufidutufz srr«4. 
from (in* lawn of that no me Outcrop* of tin- O’uddnlort series 
commence us far north fn- 1 tris««a end Midtmpur. Ironi whence they 
extend m n niimber of nifitr or leas ditutHiHMtoi inlier* t lifts u>di 
Karikal, hidden under the idtuviijiti of the* t ‘anvery, mid the whole 
length of ihe ouaat to the extremity uf the PentttWtla. A related 
formation, but »f Mime what older ngr. L-i ulst- met with on the ,(l ^ 
con.st, extending thru ugh TravutUJnre, friu-rinsj I hi- ■™i^i rt ' bir 
nort h hs llatnagiri. Tiirnngbnut this p'Htrnt the * Inpt inite are of 
irregular dial rthm inn irn.i of variable ■-< icn[* ini tin ti. V vnrimudy 
coloured and mottled, tooee-textured sandstone is tin* principal 
conijamciit of the ('udd&loro scries. l f is often ferruginous, argil 1 
luoeouti ami gritty. It rests everywhere unci m forma blv on du 
older ilepMll* of vnriouB ages, in one instance overlying th° 
Ariyulur stage of the Trifihinopoljr Crftaououa. At some plaot* ' l 
is tovered by ft lute-rite Citp, at others by Inter alluvium, Home 
-jiiilI*t-jui ' urtributrd 1«» the < “mlrklciTea -dmuml in tmmdy 

gaaltopals. c.g, Cwmw. Vamttiari*, (Hint, Mitm. F**n*, 

liweintUH, .Visaatf, Man.x, Triton, etc. Otfrm mid Fomtninijtrr* 
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of ^v rrjl -1I-. ii - art- ab«j present. A gmit part of the Cuddolom 
NatidUionea believed lie of HSpcime iigif, but Ktonrwj partt of it 
may I*j of tddcr horkon^, 

ftnjiortmri deposit* iri lignite haw b«'eri found of |ate< inter- 
badded w itli the i'ufldrtlotPH df Sh Arena and I Ymdicfierry in attains 
20*30 feu! thick. Thr- lignite h of gcn?d cjuulitv ur mI usable m fuel, 
Thv Ha 6 cd^ of Maynrbhnnjr murine Jo^iHfemua Jimrotnncff. 
over loO ft. fchitik, an? of the same or slightly older nge : hidden 
nrickrthebtorito cap and have been only known fimiui wdTborings 
ft is pmfmhlr that -imiiar marine Miocene Pliocene sediment* form 
extensive bed*, cninplatcly hidden under later coastal i h 11 nviu e 1 3 
or laterite, along the whoh coast line. 

Malabar Coast 

A seriefl of small cmtcrnp* of Upper fertinry Hiram an? found 
along thi't i Ion coast of Travumorv and tbchirt beneath the 
Hiiperficuul cuver of Tnterito and WatknlH beds), A fen 

' ■I -^ht^donmj smith and idi;. s, enclosing bonds of lignite 1 Tvith 
I an k)^ of fora it resin (umber}, and pyritoti- elayn nmir over the 
limestone*. The hijjaatoue slmU\ oiro toll of fosad mollusc*. corah* 
rtutj foraminifen?, Tho most JibisNtlant ore g&stmpncls rtf* CWiu, 

■S t mmh Wl* . I "otuht . f V ri//i 1 wi, AW0*1 . H irndfe. J/ a ■ ■ /. 3 >1 r rtm . 
Turritellf i, etc, A specie* of fonnmiiifer, OrbiioUk^, is albo prexmt 
in the limemonc. The fauna of the Qiitlon beds indicate* approxi¬ 
mate^' no Upper Gaj horizon (Middle MioocneJ* Gn the whole, 
the Malabar coast Tartimiea denote lui olderatta%mphie horizon 
than the Cuddk&m and Karihd iwrf* of t he caM coast* described 
above, whieli Are regarded ns of Upper Miocene to Ptfnctma nge. 

A very similarly eonstitured outcrop of Tertiary roeka in 
further north at lint nag iri, 00 the Malabar coast* underneath the 
lateHte, 


Ceylon 

Thu large outcrop of hurissumady bedded nchfy fn^rlifntHis* 
hrjn>+te«iiLi neeii along (.ho coastal Strip of S \\ IVylon the J tiff tin 
bed* is probably a suuiLeenat exteawon of the mme formation 
The .liilfnu Litneafonc bievtuid hundred feet think and on pnJfu'nii 
rologk-ul evidence b ootodtleivtl to he Middle to l ppfcf Miocene, 
howntesiiil with the Tmvmmm Udn (the sprcii ^ QrbteuUn* 
f-jnea j* common lu Uuli), but older than the KarikaJ 
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tertiary systems OF EXTRA-PENINSULAR LYDIA 

Tin- Tt'iiiiirv development of I ho Mtrn-Ptimwlll# ■“ F ,ir in<J, ' e 
and in it nil the "I »be Kumimin Ceinuwio from 
Horans to Pliocene are developed nn » scute oi pu nt magnitude. 
H Inns LLizmiL been mure closely studied, and its Ntml igmpby as well 
an pakeoiitology Form the subject of flfversl voluminous memoir* 
uabmoii by the Geological Survey of India. The jmlaooiibe 
logical evidence available enables Us lo moke u eorwibtfan of the 
diffemit exposures with om* another ifi tin* immense region w- h 10I1 
they cover, and also to dot ermine appro ximetely the corraipoiv 
dertra of the hid inn division' 1 with the stages of the nUmLard 
Tertiary wale. 

Until mry much more work tin-: l*cen dime on the tertiary 
imlaecmtology of India it Lb hanily poesiWa to put forward a onm- 
pletdy satiftfnetory classification, and no scheme has yet tsi'h 
devleod to which nil Indian jwjHmmtologWta agree, Tlu- elrt^iio 
c.-at ions hero adopted nra from the writings of Vrvdenburg, PH* 
grim, and nuwu recent author? as hunt ended to the purposes uf 
the student. 

'Hjc fijUuwinc are the principal localities when- the system if 
well develoiied: Sin.I. the *alt Kmige and Pulwar, tin? outer 
Himalayas, A-^iu. <itid Burma. 


Sind 

The great series of Tertiary daponite of Sind are typically cx- 
poaed in the hill ranges. Kirthar, Laki. Bugtl. Sulainum. etc 
which separate Sind from Bn Inch is tan. The Tert iury sequence of 
siind is. by reason of its exceptional development taken us a tyi* 
for [Jie rest of India fnr systematic purposes. The Mowing 
table gives an idea of the chief Hewen** of tin- ampiemw 


Manchur Sodas 

fit),noil ft.) 


Gaj Series 
(tGOO ft 1 




Txiwerond Upper bed?, grey sand- 
stone* with conglomerate*! 
middle port, brawn and orange 
nhates ami clays, ttnfoadli- 
ffrriin. 

Irftwr Mtmchflr c<ipglfflTi*ratci 

conUininir tetftli of 
Dwothtrium, JtttWpOT™. 
Uimw yellow limAfttrai^ and 
■thalf 1 **, fon?dIllrnHni. 


!»wef PleifllfHiMiP 

or 

Ljpi#tfr PMuemifl 
to 

Middle Miomw 


ls4SWff MiuMie 
(Bnn%idiiin) + 



Till; TF,RTUK\ SY’iTfSJIfJi 




N&ri Series 

(6CI00 ft.) 


Kirthar Se ries 

(Ndp^MWO 

ft.) 

Laka Series 
(BOO^SCpii ft.) 

ITtitMinfomuty 


RanikoL Series 
13000 fu 


*1 f'JhTNnt-i.tlliHi ^imilKtiuii H 00- 
ihajii Idem ujiju bet |s. i rt 1 y < if liuv i- 
lilt* origin. iucludra the ft vph 
hate nf BahiahiatJfcJi. frAab- 
wator* with numuitnimi] Ft«t±ln_ 
t'iiiiynfonnily 

Lovnr N*ri, fo^ilUbrciBJ* marina 

LLfiiratonr. 

| Mom! vr mOttmiiLtk Jirac*rom* 
forming nil the hJuhiir nuLjira 
an tfiiuL rielily fiissihieroiiG, 
Argil IncooiiB ajidcidinrcouttflbjdfc 
with Ahi-.iin* 

limrmitK-*. Thlofau-** T - trying, 

Uppur, fcj^aOtfurfaiM Imvwki Ilinn- 
stool and slmicw. 

Lower* variegated ahulne hem I 
sundutonc*, gypiwtis ami c#r- 
hpoaimmix, {htmtik 
Ctir'ifiin Utfvmmti hetta 


l/iwrr M intern.' 

I Ai|iti Uniaisb 


0%tnnif 

Upper niid 
MuMfc Eocene. 

M if blip Eocene 
iLi'Mi'iinm. 

Luw nr Eocene 
llliuiwtinnl. 


P^iiiimsr 


Salt-Range and Fotwar 

The? north -western part of the Ruujah coiiLnimi a m t ho Salt- 
Itangc and the phitofm eoantrr to the north, « very irojHJttatit 
development of Tertiary rods, and one which has rwsrived mtirh 
attention. The uppermost scarp of t he Salt-Range is a pmniinenf 
diff of limestone which Hah generally been termed the nmnmuKtie 
liitinstone. Tilts liAfl developed along the whole length nf thfr 
range from the eastern Spurs near dheliiiii almost to the !ndu» 
umr Knluhash. Alt hough at the eastern end of the Sait-Knngr 
(lie limestone Lies wholly within the Lula stage, towards the 
western end of the range a lower limestone ofRmikot age (level op* 
and reaches a considerable thickness, Alwve the Laki serifs there 
Lh u proaoanood unconformity* the whole of the OJigDOGn* hieing 
absent. Bn' limestones aim I u&omated nuirb one nveriain by 
Uppyf Tertiary rocks* the tmoonfhrnuiy bring dearly viai hie m 
WKJiiona at the tread of Llio Xilawahim. Iti t,ho ©astern part of i lie 
range the lowest b<*is above the unconformity belong to the 
Murrti *mf* r but further west the overlying KnmHnl titty* n*t« 
V pau the Kocono- Abovo the KninlinJ.?. there ii developed o com¬ 
plete Aoijuenw of the SiwaMfc system; this is seen not only in tin- 
Salt-Rung* itself, but ol*o in the hupp plateau to the north known 








n|ft qeoloov of ikka 

n . It,* Potwar Tlii- .pn>1.. iluvdo|n««* thn Si* .ilik 

«iJr ilistrituition of il*s nmiJMIMiliJiii Uuna I.. ^nublft 1 « .1 

SKJlww * “'•» 5 £ 2 .. 

»ir..rt. . bwU {hr .hr «***» ..f *"■> **** 

l|u) various different in ItwlEfl. 

Tim etiowsffliHJn in fhc Khiijjw ( l# 11 ' 


Upper SiwjiUk 

160)0 ft.) 


Middle ftaukk 
(Oi*K) ft.) 


Le«tc Slwailk 

{KM) ft ) 


Miltt to Sen* 1 

(HJ» to‘if i" 

ft.) 


Jtuuht#* ’ tr0,1 ‘ 

siiimi'nitf'. widt suvl ulftys. 
.PimMimr . jwbblj snndsnitHt 
Tatfri twi ■MittatMw aiid «“* 
glomerate*- 

nhtkP&ktn MW*, lig^t Erwy ««;* 
white *mfldTjnm and (wto'™* 
nnml ttlmJi-v ttinlumiEU a *™ 
p.».hl iiiii I PiferttlL) fftlKUL 
,Vfff/n ©mi-: gr*j ™ 

mi and hIihIm- 

Chxft ‘in--;- bright rwl n-Hiukr 
slides ami ekpi TO® gwy r|I * r 
sanfhtbneji suid jifwuiia-eflni^ 

■ morale* 

Kamirnl ' hlril dirk-coloured 

aandstone*, red 'hale*, *ttfl 
|iwudmeongbnmrj*kH- 

[' lii^rlii-fol.. wad piiijplv aaad- 

•t olia. iMlldo^^rofTinratt^ 
red and purple shales 


t-oww illourtowm# 
to 

PliocoiiH, 


1 jtjwi- Miixvni* 
(PontlAu) til 
Mtddl* 


Middle Miomr 
1 fldvuiiiuik 


Lou-rr M tfwen* 
{flnrrhljiiltijU miil 
A<fUJt*XUm)' 


LTniwnfarmitr 

Laid Scrura 
f MH> ft i 


tfjWwfrnr Mr warli Hmie- 
hUoih. &JfeertfHiflir*fPw : nine- 
sivn iuu.'.’i.ri' forminj: Mu- oirn- 
init of tbi; Salt-Ewip' *ann> 
It>»?<*'»"• tb''■• »•• 
limwcom*, fwula.Aail <h.i« elwbie 


(rorufifonuity 


Rjiask&E Sen** 

fftF-rrmti li i 


l\tUib i rfm/c ; ukal* with ihrn Hum 
*uw££ rttul iinpL’M^h’nl 44 ml 
Atone ; rml 1 ni th^ lm». 
AJta I ra ferti (*W*f jhm* h nIwn unto 
^ikfiitimiw tiitin of very VttfuWo 
thieknfw* with ufoim-ott* *h»le 
/lA-iJl / J n^ M* s 8blfr with pbo 
£ho Ikw^v 1 


Ms it Hu KfTO» 


BocW 

j Ijan^thm fuvl 
Tlimiritkitn]' 


i l„ Mi [»**<*■ ultd K. ?» FinfoW. Ewn. -r Km- Hall tUB<r*< 

ft,‘. in4. S’.K **Jt. mum- I, 109*. 
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TIM* auooeaaiuu in the I’otwar differs aotnawhat; rj±tt gap between 
the Eocene and the Miocene in reduced ix»th by the develnpnnmt 
of the lower beds of die Kin.fmr scries find by a groat incrofuw in 
dm thicknesa of tin? Murfw rocks. The ancccaaion hen* morgen 
■ui.o tliat of the Kashmir Himalayas and is given in the table on 
p. 3 LS. 


Himalayas 

T«fl.i«irv nMika enter jirepontlmtiii^Ly Ltd i ihe composition of 
the outer, lower, ranges of the Himalayas, <■<■■ the rjuup* lying 
outside {smith of) ilo* control stood of crystal lino and met amor 
phoned ‘.ediiuiinUiry rocks, In fact, the whole of the outer strati- 
graphic amiw, which «■ known us I fie euhIliniuUiymi roue,* iH 
nlnoMt exdtiAividy oourtftoietl uf Lower juwI Upper Tertiary tocfla. 
With the b-xioptions noted below. Tertiary rocks are absent from 
the rniigfr* to the north of Un* sub LUimlavas. fti the Kashmir 
and Simla Himalayas where those rocks have boon Studied, they 
an disported in two broad Mia, an miter Ml ;uid an inner, formed 
respect! eel v of ihr Upper TartUry and 1,he Lower Ttinuiry, 
These st rata in all likelihood cont inue eastwards willi much the 
aunii* disjwpfiition. hut greatly icduead in width of outorop. along 
the Kumaori, Sikkim anil stlfl Jiioro eastern Himalayas. forming 
die iwtei itiiSHi (oothiUa if the mountains, separating thoni from 
Ihc plaits "f Uttar Pradesh, Bengal, and northern Assam. 

At thin j i tn ix- mum be men dun id the ml her exceptional o&oiini- 
stance of tin* OCTORttaM flf Lower Tertiary atmtn in localities 
north f ,r tin- reiitnU wyataUine axis of the Himnlayafl. Two nr 
ItiKX* ntich have hi-on observed, c.tj. North Kashmir [Ladakh] and 

the Huiuh> pro vim. f Ksiuiuon. Of these the 1-ndnkh exposure 

ia die I heat known. In tins upper Indus valley in Wakh, to the 
north of the Zrimkiir range, there ia a tmrfow elongated outlier 
coni|x)ie<) of marine sedimentary strata. with flUUWlliiutcs anil 
other fbulLi associated with peridot!!* intrusions unci oontompor 
Uiuonsly erupted lava-flown, ash-bells and iigglnmerittm The 
wdimentarv pin oftliB outlier rta-vmlilea hi MOO niwisun- the 
tiubnthiu of Mir outer Hiiiinluyu- This outcrop ie dantilxt 
below somewhat mure fully. No marine strata of jtiingfic .igc 
than thine have W„ dw*vnred in -nv p«t of the Northern 

a»|ilw I.—The m-tagM CWiIvmm.i of tlio Wn»l*}i»s, jip u. 10. 
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The soewr^ioti given 

W. Punjab m\ g ifl lmfr 
Hiumliyas and northern 
part of the Pntwar. 

Upjwjr SiwaUk: Boulder-’ 
con^mmrml 
fl 4 Hiij Mid grit* 6000 ft- 
HiddJ* Siwilik: Masai v« 
gnrr pmdjrtoiie with pi* 
or abnh^ ®X )0 ie. 
Lo?wr SiwMik ; 

Chhtfi: bright red nodu¬ 
lar ihah* with 
ifrt'V sn Lid^t^i jj £r9 T 3000 fi 

KWkii ; bard blown 

- U ||||-.M »ftd PHIpi* 
■hajaa, luOtHL 
Upper JEuntt; jvLnJaUiTU^, 
aoft, pb- mad e&iinwr- 
jt mint'd 1 with ptctltfe 
inlin^rv mu I nodal sr 

Lower Hurra; lii-diirared 
dark muni&tane** deep 
mJ and jiurple^uloui^i 
pphntorr ihali^fiOW'fL; 

At l he Ihuh! ^hn #*CfeAjrrlm? 

jfmr of Piaifemun *ajnl 
non r* nnd wujsSeiner- 
at« (Uprptr Nia)* 
t ■ ncoi ifoneiiiy* a - 

Chbaral .S' mtd m ulitr slide* 

Tariff cod ih*l»**. gyp- 
Atone mrtfta and fhm- 
brddwj hfllMtanit, JW+ 
fKK) ft. i.Kirth»f} fc 
Bill Limtitona : Ma^v? 
p nil *Whk-i is sim iinilit it? 
licneslout. «om* elude and 
thin mi SOO-Itftt ft. 
(Bnnikot fr> Lulci). 


in the folio wing table: 

fEUttULDll anil Siiuli Hufl- 

ilayitt* 


Upper EiwMik : Soft earth*, 
tliyi and bon tier -con- 
p iomemtefl, WOO-1 

a 

Kiddle Si^aiik - Hamvfl 
Hand rock, lilftp and 
flhaltis fwaOIhfcoto* at the 
bise, 4000 (?) ft 

Lower SiwaEk : {\*ihan) : 
(ifoY mkaujemu ^nd- 
iloirea ami rid ahalfi*, 
l^ncndi/ tiEf^iifcrotia, 

. XMMiMft, 


Kuanll: ■&*?♦«»», 

iwft, gray or fjmeu-cd- 
oared samiiiifonea. 


Daphal: Bracti&h-water 

or Ugi^n, bright red and 
ijuipliH oodulnr dayaovur- 
lam by tiue AiEnlatoncJ. 


Subashur Ctey and rrd 
i[ v ujdJiu aLjl Ee* wit 1 1 nub- 
ordinate lanifcolnr ntmr 
tmdirir lunc^iei!* with 
politic Ikflotiite (ktei- 
iEo f) At hoise. 


Plciatocenfl 
to Lowft 
FUmMi 

UpjNrr to 

mSh 

MiiH7+:oL', 

Middle 


Loir^rf 

Miowub 


Lowff 

Mioceii*. 


Eorfeiae, 


Kashmir 

The Tcrtiaries of Kashmir call fur notice becunse raf » fr™ 
local pt*uU*riti» which tlicy exhibit, The Tertiary hand at eIi^ 
Jhdtim fetches o^twandj through the Knahniir *n*& f preserving 
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.ill ilfl jnnMgirti-l Hinraotoni and relations unchanged, to the Ravi 
And thence to thr Sutlej. wtmre it merges into the much better 
explored oountry of rtm Si in Li Himalayas- Structure JUy. however* 
one fen taro of distinction emerges, find that is the ^rnrJiui! di$- 
appoarunoc of the Main Boundary Fault aa a limit of deposition 
between the Mutrees and aiiccussivo JSiwalik zones to the wcat 
of the Cbuuab: the more northerly fault plane junction*, how¬ 
ever. between the older Tertians* and the hHII older Hi main van 
roekjH ycl preserve their boundary nature. Tbit trad, of hilly 
country of tow elevation, lying outride t tic Fir Panjal, tmd between 
the Jlidum and Kavk is designated the Jammu hills. The Tertian 
outcrop is widest where it is crossed hy the JhoMm, hut i* 
much constricted at it* euntem boundary at the HaviJ though 
this broad features of si rue turn os well m nf lithology are readily 
perceived in tho DalhousiLe foot-hills- 
Tartiaries of the lunar Himalayas—tb© Indus Valley Tertiarics - 
A most mUe worthy event, already bristly Muled ot r in r he Ter Hun 
oology of Kashmir was thv ocoupaT loti ol m area in Ladal.li by 
the watem of the recreating Tftthys. This *oa bus left n basin of 
Lower Tertiary deposits in n bng T narrow tract in the tTpjxw 
Indus viilli'y from Rupshu to Ksrgil and Dm*, The cxielenOB of 
muriuo Tertiary sediment* to the north of the Himalayan ttxLs 
must Lie regarded a- a very* ozoepticmal eireiunstano&* Ibr ©xoftjit 
l,ho Hiimmiditics of Ladakh and H nudes and some outlier* of iM 
Eocirnu ( Krimpa ) system of south -eastern Tibet, from Haaoira to 
Iho furiheait iwhem extremity of the Himalayas sedimentary 
rftolft younger in ttge than l^retfloeouH nr© nol md with- 
Thn Tertiaritt of Udakh rest unonufuriiishly over gadiwb ami 
motamorpMe iwk*. The \mm i< of wuiw fclspathic grit* and 
conglomerate. followed hy brown calcareous and pn-ii arid purple 
*ha|e« r Tbo are overlain hy a thick band of blue &hd!> 

Umesteue. containing 131 preserved Numwiditt*- *thh nittnmHli- 
jbnma Limestone if* aiiccofcded by a coarse I [nintone ■ MUgbm er* Ui . 
On either extremity of this uodimentmry Minta there is n lurge 
dtfvdopment of Igaira* ™eka of acid as well ™ 

©ompoiltimi. They inchid© both oontompiraneoUBly erupted wiric 
built*, with anh and tuff-lied*, as well ae dykes and dlls of mtrti- 
nlv© icnuittomid quarts and uiigii* -porphyria logtfhti wlEhfvrj- 
dutilffl* and gahbroa. In the northeast preltmgation of the 
hand of Ewhm volcanka, in Dma, there b a d*w a«o™Mo»t of 
t tow HJIJp vsL i* ra. - tfTfl* 
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volcanic fifth-bwl*, l«v«* and »»«'<*p.-rpliyms. «Jth Linifi- 
aiones containing Alwdintt. /hrlyH^utoftb#; .\ummnlitc$ ami 

y Tbo sedimentary part- >•( 1hJ» grmip ho* prase net! n few 
tx*sdtfcfl the Xmmwlih* nntiired abnV‘\ but owing to the great dual 
0 f folding and JraeUring which lln?» have undergo** the fOft«k 
arD mostly deformed and (Wltnl beyond recognition. the foi- 
towing p<nm are idem*died, wit h more « Jw* certainty: 1 are «nd 
"i the lower pnrt (which bear witiuw to «*tu*nne con¬ 
ditions), arid ttamita, Wiytwik^ Cohu*. • re. which ab aw that 
besides the Ixnrer TVrtiirte then- are t'retnawufl beds present. 

The Tertiaries of the Jammu hills — The systems of st rata con- 
htUut infl the Tertiary rone of the Jammu hilU are disposed in 
thro* nr four parallel belt* conforming to U» utrikc of *h» hilsi; 
I !,,■ ,,j,|i : .- :• , I Hit HI I 111 1 I'ir I '■illj'd Jl|nl C'fD-tit Ul its trLmlll- 

aest dank ridge*, while flu newer .- ouoiijty JiiLwHsjvely outer 

fwsitioivs building the low ranges of the Slum* si mdik foot-hills. 
W heretlieCfienahleave* t-hr nunuitaiusal A k limit, iherelsadaep 
iolhvtmn of the *mke of (Ire bill range*: i-he *aine future is re- 
|*:attxl. Suit on ii far largerscclt*. at Munifliirnli;iil,Jii the oniergonre 
yf the ifludurn. At this point rh< strike nf I li<> whole outer as unit 
a* inner Himalayan system uiutnigi^ si timre profound beading 
inwtttls, The re-entrant bay thus produced i* an acute-angled 
jijiV] triangle with it# A]>c.r thrnsl forward j-mftrly a hntidiwl mile* 
from the base-lino, The significance of thi* St Jii im- la dealt- wilb 
cm p. tit, whore it is explained us prebahly rlw t» amw ertisUd 
ciht .1 ruction which litis deflected the main axen nf t he fbld-sjwten* 
:mt\ converge! them in n knot (Syntiksiaj, 

The Ifcbto cm p, 3 It* Bhnws tis» neiutinns of tin* Tirti*** 

1 1 pi■ .jiimiini bilk M* the com'sjwmdfflg; irm ^- nt ifn 1 Kummm un.il 
Simla Hininkyos, 

Assam 

In ihtf Tertiary ilepo-Hita iviw?h n vitv prvat ihickiw^ 

^hjIjhMy i that of any otbwr part m’ Indu»; wlierts fojl> 

dc?v«1o(Hfi the tied intents are mono than DtMtfH* fcet think. Despite 
ttiih, thoiti umsevorai {[ftp# in the* sucueHsion, the* mo*t itnjxjrtatit 
4 >nf being the abacus of tha 1i>p ppt n of tlit- OQgocrau** Owing 1,1 
tin* esttroin^ paucity uf Tch^iIh in the grsatec f4irt nf A^mi, it ^ 
|m[H^dhk Lo gfw very fttietimfce com^UtionH with i^her vt 

writh the stJUidard tiuie-&C4ik\ but the following talile smumarb^s 
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flu; n>ulU ijf muriKf.igjil.wHiN 1 lij t\ Evan* Piiii't «mT 

j ridicule Bin approximate norrtfatiuii with Mw Tertiary of North* 
Mfc-A{ India- Evjirta'a survey of Assam Iuw laid 1-1 if 1 foundation of 
the s±mtigra|ilik‘ daeal Heat ion of the Tertinritt in that difficult and 
mhoispii ablr geological tcmiin. 


Alliirimn. 


Dicing St 1 lie*, 

■XHK) ft, 

VatonfanniUj. 

Dupi Tils 
ScflCiJ, 

BftOO ft 


Alluvium of tin Rndimsjnitra and Surma 
valleys, liighdovi'! dliivtvprn, rim- 

tefrwwj ei4*. 

i i T pjmr Siu-filik), 11m k iieUhk-liedii with 
cvtay* and -WnU. 


Rotteut and 
PlllfoVtfv-flfl. 

I'hot-vth?. 


\Mi4dl* tiimHk) Cour*? IbirtigtnjCm* 
; - - ii i l i [ h , mottled Mind n and day* f foawil 
wood. 


Upper 

Mlooesui 

(Ponton). 


V i\ctn\f'C*rmh\t. 

Tipam &eric*. 

sooo ft- 

Surma Sfilhh, 
13,000 ft 

Uwctwjtormiu* 

B a raii Sell* &, 

J0.WO ft, 

Juntia Series, 

3000 ft. 





ytjvnvr tfiu'iiiik). Thick, coarse, frm^in- Middle 
mis simdiloTii^, motblid sandy cilnyi* Mien-mi. 
shales fip-fcd! wnofl nifi li^nit^ 
jAfurw, r>jrj^ Mari ,mil rftfjj Sandy ■ Lower 
-hidf^ and hundfilumw, i^juglfnfljyifci**: | Miooenp, 



<£™rr Aorih Siuidjston<j* T shales* ami Olttfocotic 


4 io IfiVfW). Alternating *antU 

stones und shafts wjl.li v-mly 
iiiidudimt flirt Svlhel, li me*tofit*^-fcbis 
VimiHiidthc timf+toft* of Amnui. equi¬ 
valent to pJtrl of Ihi! Dimn# Strite. 


to Upper 


Eowte. 


(Ifvtuiiw u.h and iklii Jr r rocks. 


Jhr ubovp rlaflnilibtikiVt refer* miiiiiK to tha fttftflm pari nl 
A^ttm In Mir* eastern port km of ihv province, tho succession 
below the Oligtw'cue'Mloo^no unconforjUitv is: 


BarsLS Series, i ‘Lmtr Start}* dmlrs, clftjs, Oligownc 

15,000 ft- with thick pool meiiiiJi in Upper Amud. to Upper 

Eoc«us 


1 P.lvtti Tcrtiiuy in Amm, 7>W Af«*t vffl 

ttrii- IW35, 
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Pi^pg jjfies, | <•• Kirl/iar) Thick wro* of grvf 

<vi'iv thkk(, ap&tcry “Imle* with lino sandiitfflww. 

partly ri)iiivntcri1 to tJiv Jiinti* *#*iw 

IH.lt HUtOl. 


Mkhllti U* 
EtlM% 


Biiima 

! hr Ternary of Burum i* composed of rncfcs which differ 

considerably ill tit.hoif-jfirul characters from the etandard ^tlotvi 
of Nt»rf)i W«1 Intii^i, but as fo^ils arc ah umlaut, an approximate 
correlation i» not difficult although much remains to Iw dime in 
the barest igutkm t»r the detail*- As minfiL he expected, thu Bur* 
ma «ic«iwit>u allow* more niscnibLmoo m the succession m the 
neighbouring province of A^aiB. flit Ltiomic bctU rcatl> a ^nut 
thiclntf-^' aiit 1. ulthimgh foramlnlfpi* are found in Mint fled?, t iltin' 
tire no thick dtirelnpomt* of wimmuhtic limestone uirch as thou- 
icon in Sind. Enluchintaii and I in' Punjab The middle part of 
the sneerwinfi, ctmipcwd of Cfljjgomie and Ixuvcr Miocene htnUn 
in dint ini'uis fird tu ilu* J*tgu mid is approximately correlated 

with thi' X«ri and fluj reriw U 1"’ recently i»ccm established 
that 'i break occur* in the middle of tin. vsk-tn, approximately 
it the btnnnlury Iff wren the Ollgfrtcii# atid Mkwonu, so lliat the 
tvgo ayntern nmllv consuita of two -mjrnraic unifs, Thu upper 1 
iiiort bet is (known an the (rnnmtthj form « Ktwt diioknew 

■if finviatile strut* corns]* »H ding I Kith in lithological &s|>ctfa af 
well u in organic 1 diaraotei* to the upper part# of the Mundure 
of Sind and if the .Hiwaliks uf the Punjab Mid *ub-Himalaya*. 1 11 
central Bubka they li' 1 with marked nm-rei tenuity on the Pogue 
TIhj Tertian' history of Burma Ls largely the Jiistoiy of the 
filling trp of a north and wiuth gao#yndkil basin, (JOO tniloa long 
and 150 miles wide the Win of r I,.- old gulf of Pegu lying be t * ecu 
the -Arnkan Yoma and the Shim Plateau which wait filled up b> 
the rid tail' depute of the Irrawaddy gradually pushing eouih- 
wan! into the gulf and ultimately replacing it by the present valley 
of the Irrawaddy. Bence a marine facie* nr deposit# ptepomlef ■ 
riTea ton ini', the south And chamrliirwe* nil the stage* till a* 
hs the rtloctiuo. while in the north the same aUgon show a ter¬ 
restrial fades of ddpodtft, it being a common feature of fa mi.v nf 
the stage* that, when traced laterally fmin north t" *«uLh they 
allow a variation from flu via tile to estuarine mid lnBcltkk' lIll '’ r 
passing thence into marine further south, in which dinwlioti t 11 
gtdf-oonditinna persisted till the lieginniug «*f t he Pliocene. 
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Till* following tabto fc Wed on th* ns irk of < nit(T»ml SVrkm- 
luixri^, ^mbinod with that of rhe Ihinmh Oil Company gwlogwi^ 
ns dflsOTLlMHl by < r. W. I^ppor, 
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EWriiu gnvvoln pmd red mirth. 

IzT&w*d4y l'Fresh-water timdiicuies with ahumUm 
Britain, -J f^rtaiL wood. cnmnujinlj^ti fi>?*ik 

&wu ft. L 

Unconformity. ——-- 


Vpptr F*gv, 

XtifiM ft 


'SomigtoiiCi^ ctays 3 and thnlem wit h many 

fosallfc 


Unconformity. 

Ltiw€>rP^|u h . Mu inly ^auii-ikiiu 1 ,* aWt rtath ■- in th* k 
5000 - i middle, anil nlialUiw-wak'r HAoditonM 
10*000 ft. I witli cc*J ^uM]n it th«- base; iotdXUvm^ 

Yaw $i*g? r 

2000 It 


Pondaung 
Bl*f®i 
$500 ft 

Tabyin Cluj, 
WOO ft, 
Ttbn Sttiill- 

Jt&DJ, 

4000 It 

Lmmjsli* 
ajjidr^ 


bHlsikly marine, wish iVuffiwnJiJf:i 

Mann? witdfkme* ofuj nkyp piuiig up 
into Suviatib ^[idHtoocB' and dimply 
colonml filayw ttmldining ilj-n 
auunmalizui fatmn : Ant^a^dwroldj, 
Hhinocoritmck and Ti taunt hcre*- 
Um Anita with thin oipbflisiiiur. 

Marine smdft ud handntiuipj with A™* 

wrtrfiifcw, 


f Slut f *3 containing Qrfafrufci and tottfre- 

-_ | 

lOyOOi) ft. L 

f Caa^lotnftrat^i* cuniaitunje (MfiMifr 

tn-efitr, i mum. 

3 i >00 l£ T L rtjired unconformity 


Pfnbitwnin r 
J'iirtffloo 
tii Upper 
MioCijiin 

| E’nntian}. 

MjlWJl 41 ud 

Uvw 

Hiooiw 


Oliipjd'tiie. 


Upper 
hi km ns. 


3ijiJdJri 

Kofciiit. 


Lower 

FvO£i-!4«, 


Tlio Turtiuty tauain of Burma is UpmtoA ftniu ihn Iblaeozoic 

.<j J( | Ms'.-i.'/ojf bditawfa al ii* Stow PW« '*• :l ~“ *«• Jj 1 V** 

north .Liiii aititli bomulnry fuiUl, r>n thn "<■*(. ihtr 1 ‘^u uni 
Eooeno reeks outcrop in tim hum -if « Imp; ,.nm..< liuii! Md run 
uing tu/rth ftntl iouth through the frwuliilL* of lb UuUtt \uiim 
Tlii’* jauge » still lordly n Mm rricophtu i'. gwJogW^. «hI tl«u 
it » impu^ibla io e«y what is the nnUirv of (lie wnaUtti limit of 
the Burma Tertbriee, 











CORRELATION OF TERTIARY FORMATIONS 
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THE TERTIARY SYSTEMS 




l-rinn the above rt-Hiimr »tf the nf iVriinry hhdnry uf 

North India if inn -1 hwvi been gathnm) IImi the Tertiary redionli* 
of Indin tie fur fiitier limn tin- Primary anti Secondary <uu« It 
was entirely w ithin tin- Tertinry that the giirtiiorpiiic nvnliil.iim of 
[mlin, «.h ..’ -c'j i., r: 11 .■ entity. wits. initiated ami wni|ilvte<l. l-*r, us 
m have seen in the [Recoding pftfifM. in flip jfchoan if ugv t»ri>u the 
skelctul outlitu!.-' of this an i wmld not Is-duH&mod, AU the vartli 
feature* north of 11n* Vindhynn came to In- stamped upon it during 
the Inltw hair nf thn Tertiary. It» physical ianlatinn front the 
Asiatic crmfmrnt wiut brought alawit by the dnuB^ence of the great 
mountain barrier.^ of the west, north end emu. Conwaritantly 
with these w»e produced Ihcr extraordinary trough or sunkoii- 
valley region of India -u deyrwedom 1 »iK* mile* long and milr« 
broad in its narrotw purl', MpAnting Northern from Pi'miiatiliir 
India—two distinct ituhi-H- gmenla. IV ceologicLil Jiwtory of 
■ his vast aimkm trait, »"* tUh'd up by tltir river de pc* it* nf I he 
Indo fiftiigts system*, doc*, not wi!rtniajt<.f till the very end of tho 
IVrfiaiy. Thu* oot of the three great getHtt«^dd ill visions of 
rhi? Indian region lvn> wr tln-ir evolution U> iirocaMM operating 
during or aiib*?cpn*nt l<> the Tertiary urn of the earth’s history. 
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CHAFTlilt XVII 1 

THK EODENS SYSTEM 

Tim Ewxart avstcm fmcludoa tbfft' ilirWdffli^the lowest, '“’own 
JU . ,| lt . Jl^ikJ «rfM. .Brerlly nvrrliM thrfVmftto*- U w«rt. '*<**■ 

«. typical .Inetopmont is in SinH,.tl* lu^wow ^ 

nn^tiwlui mntiv Other parts of North-wrst India. Assam, Tibet 
Wtd in Banna. The ih&Uk »he /.ofc *'n«, i* iwmpwoi 

H,i ( |]v .ifrichlv foeMmw* ounimolili' Jinv-Aonra. a^n M*. 
vflrit‘<"'fit«I ishalea and maria, while the upper. daHgmtW the 
Kirttor K r fw. inefades ihe bulk of the nattWnUtlc limestone of 

iKjyj undoiBomoofthoOTtni'iVmnsakr hill range*. . . . 

,.f'].«.»»»am derived from hiU-nmjp*in Sind. After turnmn- 
idriK each of l he three twrics nf the JSocene we ohall define .w 
dovobfpimnti» in the more important are.m in which the rook* 
have been at in! it'd. 

Ranikot Series 

'fliii- fltfto* m typically developed at KAnikol, mi tlm Lrtki tanner. 
ainl omiijiw a coiiridwnlite tmet in Sind. The (IL«tnMi1 nm " 
thi* perks L 4 soiru’wliJit more limited dmn ihnt of tin* otlir-r tiK-tn+ 
| Hirs Q f tb« Tertbiy* lint ftwriEfermw Sianikot l»*vr. w^n 
reoutuiired in ttAKohirt. tlio Sait Range, liawa, Pir Ibn-pJ. 
Tibet, Assam and Bannn, amt it iff protmhle that wtfwsoliferoui 

repnanentstives oectir elsewhere. 

Thr- -J iir-, which in Sind lies with apparent f'cmfnrrmt i "ii UJC 
Conffto £edtiMiONli bwls, moludea in most of the W. Pakistan 
expr>Hwres it lower division of samlrionc* oUj*, and eh«h*i. «• 
an tipper division of limes lout* and shah*. The KimikM mtiis 
molmhs the coal-men* urea of the N.W. Punjab- 

fossils of the Ranikot series-Tin loading fossil* ot the hamKy 
rerir* are: {EchinuMa) <"**; &k*ia. 

IHcimvUarm. ParaJampO*, Utmimkr. gchtsMtor; l< ° T ^) 

dbamt 7 .it, Sti/lim. CyrWt*, Month FMenia. /MtMmm, 

are 
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Aiffrwa, Thamnaatmcit, lathitram ; (Liiutmpnrlit) Tibia. ,Vtn(tt, 
TtrrWfwn, iVftrtw, (.'‘miffitiijn: (FonimJniFrra) Aw-Hurfio, 

I tvfafitta. S urnmnlit* i.V in .'j/fn/ii') Tin- «|k-. i--^ ,V. mtlttUH i* 
flmTiiriorittii of Ih> Rnnikot horizon. 

Laki Senes 

Although of no greet Vfirricel extent, thin ifi-riei i* of wide gen- 
grophicat prevalence in India, il irtulutfo a annaiilerable thick¬ 
ness of nnmmulitie Elntegtotte* and in places these utr 4 -.- 100 t. 1 Vod 
with oil-liortritig IhhIh, The ncrnia* in well de^ojied in Sind, Rulii- 
clmtnn, K-'imt, the Still-Kit iigr, llte mirth-wodem purls nf ih>- 
I'nnjnh, Jammu. Bikaner. Ahhjiiti unri Ehirtiui 'l*he ruck 1 - shim 
nmuenuti InraJ vnrintitnH; sherv Is tin ttMOiitialiy enlivircou^ Forte- 
which ie scon in the Sutt-Itange, it gj’pst'ous “ 111111 ' fade* which '■> 
found in FUlitehietau, whilst in A -uni mid Rurnin there bn vert 
think development nf rlntk Hinkle* m 'hi.- hortiMiit, The islt iktiil 
gypburo nf Kulinf ind perimjo. nf flu* nor!li-w<\H(erh part cd r !n 
Sah-Rikikgr Imlntf* to tin- l.nki *-rii*e ihimgh much .oiitniYmy 
aill exinte tegiinling tin- Kimh-iiji ngr of the SalilM 1 nrriin of llw 
onatem purt of the K.inye Uki (mid Hmiikut-) Ikorixunn ftctmr, 
moreover, in tin group of massive UnwwtcmpH known a* the Hill 
Iriwratoi' in I he Kata <,'hiltu nmi IMmir amt , it U their mot Iain 
hy the lower part, of the I 'hharal teHeJ* (f). which is Kirthor 
in age. 

The important fouail nrga&ittH* voniaiiu-Hi In the ho hi strata 
may bo reconled a* XvtnmitlHt* <itadfU 4 t tfmn*foto, 

. i M'm oW</»;frt, mtuiPAf H'H'iesi nf .Vo ttliht EcJ>iw>htajxt*. Metafio, 
Rla$mvn« t Vorkuta. Otrortiu, rtu„ with numerous loaf impure ion*, 

fruits, stetU,etc. nf pt.. Uhinging to the nn,jk'*n *division 

of the (lowering plants. 

Kirthar Series i Chharat Scries) 

Like the fUftlkot and Lnki, thin rti-riw dr rive- its name truiii a 
range in western Sind. 

The Kirthar niimmnlitic limestone 1 ! irm- a <L'lmpfruoU* group 
nf rucks in many pin* of c vtra lVniti*ulitr India, pariicultirly 
Sitnl, Btfoohiatan, Kdmt nnd Huimrsi. and to a niu» limited ex¬ 
tent in the outer parte of the Himalaya. lhi> eentrai Aaaam ranffri 
and Kiirimi. TV prominent imunimJitie. Imiirloin? »carj» of the 
SaitrlUrigo art? n(rlnr. bring of Laid age, In it* type-area. Sind. 
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5cW limittOM, > ifftMobwawIt **$*S 

which wrn . Im-,- .u«r of the Salt-Hang*. It bu « w-'IIhIHiiwI 
of jim.1* mill «>iix-<juwiqy - tendency to wihi-r m cliff, 
hwvinp the saporta tif " nnirul ^ pr&euujig from a 

distance the- gimttul appnnmnci) or mined walls or fori lti nt ions. 
Some* of tin* fiHiwt diffr of the nmfB aro produced in «ij* ™ nnf ;- 
by the action of rh>* w enthusing sgellt* The man® of the mrIs is 
neurlv ptir>’ cuk'iuut cartrt'Urtle. tmub' up alinOHt wholly of <Ta* 

mfrMenl ... of N«mvn<tiks. which on wuthnnd -^r- 

fiit-cs of the tuck Stand out «e lit Ho ortuummtod discs, nat or edg®- 
w ise. In tnk’Twrophf section* ol thin rock the* internal structure 
of tin* JVWmMhVt, as well n* of other fcsrifa* » ctefuly revealed* 

When- ..uu. not destroyed tli» urgwie ^rncl.ire**. 

Them aro a largo number of oilier hi—ilu pronent as will, nut they 
niv ilifHcnlt to fitinet from the uiweftthoreil rock. Urs-e chert 
or flint nodule an- irregularly dispersed in H.e IlnWttWne. Hu* 
ui>j»rmn*r hods (tffciflmr 6wk) an- m-.ro urglllueOOiu*. Ihe? iin- 
foiinii on t he plan-ail nt the lop of tile rouge hut jioldom enter into 
the #o in hwntd faring «mfs* 

S<| Kirthar WIs «ffl known m thr iiuuu part of th« SuS^ltiirigL* 

but they may occur in tin- nor(h*OMstom spurs towards JhoJum* 

fii tht- north-western |mil inn of the Satt-llangn a few uiiTi> 
nmth-rort Of Knlobagh. E. R. Oee hat- AwcriWd a remarksble 
passage of the Sake^r limestone into mwaivw gypsum. It) the 
name neighbourhood the Hlimlmr bed* W *b*> aa^uiiak-d with 

ayrntni, iind show ootistdoFobJe rosemltUmsi* to the lower partLof 
tho CUtonvt -senes of the tmrtherw portion of the Putuur. fb» 
change from littiest.Dftt* into ttypSUTO is evidentiv a secondary 
n Iteration phenomenon. Slightly further north-west of the point 
whom thin change takes place thegypium is intmuiriv a&siwiflicd 
with red marl and unit, and ft little farther mmihwcst at Man-Indus 

lim l Kalahari) th. ilr i- worked mi u large Auric, U- eeiiL work 

bv U*e has shown the complicated nature of the atnioture in the 
central part of the Salt-Range; and he believes the «d Ww* 
gypsum and Fait i« be of Caitibriim age. ami iml 1-uM, ** aright 
lie ex peered from the occurpeoca of salt and gypsum of 1-ohr 
to the north-west in Kohat. 

(Sdine serif* of central Salt-Ringe of disputed age- A reference hm- 
already hmt nuufa io the ^iiur of the wntml |mi t of the Sail- 
fUoge (Khewra, Wanhii. its-' TJu gypunm. ill, "ml "d• msr) 
undrrdlo thnt^inliriiuj KrtVicrioe, imt tin- ... ii drMUioftrwhiy tin 


I’HK Kni’KSG HY^TEAI 


!rrc^i11>ii - liEi^i Mild 'har- 1 hrk/ S.. rnurh di-in ton nltont iIn™ frlul joto* 

br4.wi-m ikj• i 'a in brum Ptirplr tiiuiiiiiiimr uml I h*‘ uinhTlvuig Ih^Im 

{p. HI). Hi. tJimj -: l a l I kj »ii vs i ■ ‘ ,'4 *.'■ d i ► that i3f ■ I ■ »lttrbad ■ f h uf 
KTUiiil tui'iil uni j ■ Pm'ndy un u>.pr i i 1ddlvn-iLii! m 
pf Lhfi beds above aim! Inikm. Thin lipliiml km awwitate iJae 
ixij Ptioi> that there arc iwo wpuw SnJme wiw m lb* «40U 

pfrigh fnMiijnn« one pf I 'umhriu-ri Aid one of Kncmnr Age* ThU m.'dftij 
an Improbability, '’ipmhilfy in view of the wry Hoi*- afraJIirity of 1.1m 
•appw^d two W'O mul olW gu+kitfuitp Inti-* nu^rpreied die 

dint ur bird jipm'tjisJi bfl'fw the B&iine m^tim and the ovi-shin^ tlam 
tn-hui rock* n» il Lhniflt-faii]l df major important whioh bi* brought 
tlie Cnrabriun strata Od to the Eommc Saline sltlh. 1S& tiff iw (teBniii’ 1 

evidence has ln^.ii furtkcmniiig to show that the Sflltoa *erh» of the 

ponkni portion dfibe^J^^AngnbmUjorEMm^i hut the s,nr- 
Itangc i,t known to tnohnln ji lerie* of imporkmt <-u ■ r-thryni hvul^ mui 
it doMpnl w-m improbable! (luil tliura it a UnuHtpUm running atony 
the law- of tic hitte* Further evidt’En:e of movement 'fartvrran the 
Salim. 1 eefiw ami the overly illy hi-, h is provided by tin 
Muriii K hr!; h ere t to. 1 red n i a rl n it: syjwu \n ■ in' * 'Verlii its 11 ■ >t by Cun 11 >dai i 
IK‘iIi r hut by th(- Tp i-'tair l-oull- .--Lwl, and nr nmny filmv- along tin 
jttnelimt the lmn trier* fia^r to-vn pi-vAly Ahuurwl 

ft. Rahul low in v-filurnJfii'.'U^ jjo pur? ilw-urihnd Hit* mature -iind mode 
of oectirrenee of nutdarotw plant tniefQ-fitadl rrmaims (an^nepornis, mx 
puf&i 141) in vari&Uf roefca of tfin fsalim? ^ nefi, obtained from dcr|P 
tKiriojjs (tP elitnineiTe rhiun-c^ of itnv adwintitinua intivvilm'tiitn ijf 
n.ai 41 ri^ nir-Imran plfthtjillirin), 'l he liobj^’t la still a mnjnr ooti* 
Imtmt anuwg geoft^lsia In fndfal aiui msfijntthtg BrMsfim ountiiiiJe 
to fltiirportlng our piicle or the ojJut. fnjni nalcmJ rwk'CUttiiUfB^ 

thru£t-p]Ad@. mkrro fo-Mfiik. *nd froni det-p Iwnugs put down for oil- 
wvlkJ] 


Kohzst 


The Eock-salE depute of Kahat—A ehnrt. lUitan^ to the 
Itdrth-iml of&3 B^SXmgpf »t Bnhudiir Khol md csltfewbeTv in 
I ho Lilia i rf 1 ht* Kohut diJjfriot, thr-rr art ontrr^fps of Kiithnr fto‘Lv 
which are mniorkuhli! for 1x*ing iinrleHntn hy n ernwt ifih kite-^ ot 
Laid U'dBOOinpcised of AlYOoItim Ijjnetftoiia^ which ln^ ber*n intuit I v 
Alterdd to mAMiv« ^Ypstuu/ nnd bwln of toek ^edt At tblunlur 
Khel iiboat a t houtiund foot of Utesa f^ls nre laid bon in a |wrfpri 
anticlinal vxMimi the bette of rock-flalt, whieh nrr cran At tin 
ad Uis Mtidind, are ovodain by gypainn, the upjwr ]nirt of 


I fW li’rti .JSe. /trf- vyti. t* null 1$, til 
I JI S 1 VVaitJA *ti:| h U Hav^r rraiw. -Wm. f*"- Jfvf Vy1 
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Sahzor J - light-coloured-, ^mewhatcWty hw'da™ 

which «Yt.» a large are* ufU»- Rdt-Ban*-'. It tnu a 

«. r « ra of joints and continently * tendnncy to wilier in dlff* 

lid S*> 1 ho jiffi"rill *ppmrw» or ruined walk or JUMblft 
(Some of flit) fine* dJiffe of the rat®* an- produced m this m^mcr 
bv the notion of the weathering The Idaw of lo- nick u 

»wlv pure oaipiu.il carbonate, tniuU- «!' wf / ora ' 

mini&A riidK mostly of *«*■«■&**. ^idi on gathered sot- 
fat-os Of the rock stand not a* Utih onumnmted discs, flat or edge- 
tvisij. In tniciwicn'o- of thi* rook the internal structure 

of ih<,x,mmvtiu*.***r\\ «» **J«r i* dearly revealed, 

whom crystallisation h«s nut deettoywl the organic BtructWM, 
Therm an? a l.inre number of Other fiualk pre*iut as w-IJ. hut they 
t-iri- difficult to oxtnict from the unweathwed rock- Tjttr ^' r '^' ri 
< (r flint ricHbileu w irregularly diapenk-d in tlio Limestone. Ihe 
uppermost beds (fi*«W Mfli -re more ut^IWcous. ihev an- 

found on 1 ho (ilaUun at th- top of the mUgO but seldom enter into 

the southward-facing scarp. _ . „_ 

Xo Ricthar beds are known in the mfiun part oi the balt-Kange 
but tliev may wour in the eorttHfivatern Mpws towards Jla-him. 

In ihe wortli-westcm portion of the Sidt-IUugo n f«w 
south cast of Kalahari), 8- K* G* h'* dwwfbod a rcmarkaWo 
pH^ncc of the Snkeanr Umtetoue iut* raawn*' gyp^m. “ ™ 
wiine ucteWwwrhowi the Bfmdmr tab are a^x-rated with 
gyjjstitii. and show considorahla resell ihfuiLi’t-s lo the lower p*rt *> 
the Clihwwt aerie* of the northern fHiriJun of the Pulwar. |lu« 
fkan tw) fruiu limestone into gypsum if* nviihuitly a aucont ax> 
altcratiiiii phenomenon- Slightly fun her north i west «ftlio point 
when’ this eh muse takes place the gypsum »intimately «jssocialc‘1 
uith rn! marl and salt, and nlittlefurth r uurtJi wi-t it Man ImliiM 
uinl K ii thmih the *nlt is worked -n * large neaJu. JUn-unt work 
v Gc- tun- shown the oompthatted n^t iirr, 1 nf flu- structure m i ie 
centi al part «f the Saji-Range ; and he Mif-wa t|w ml uitirl, 
yviisum and «ilt le tie of ranibftan ago atnl tint E*‘d.i, ,l * 11 

he - ipcctiHl from the rwpurtwiee of wit uf«l gypolKi "* fj,lil '^ L ' 
Ut tlur norlli-wVM ill Kniisll. 

[SaJiuu scries i it central SaH-Rao^ of dij P tU=d 1 &-A nfm-nw Un 
nlrvndv hi n nwuJi* (o ihi- fiUinv **m$* uf \h* ^-nlnl ut « m 
Range' (Kh. -rta, W«nha, die gy f ^mh -all, aivi "^1 

umh-rlir tin-tknibtiim . ... hut ih-s junction m dctBonawaklv *n 
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irn^iilur nm 1 ilii# 1 ihcnr ha* iMtui irincfi 'li'n ifvnm .ilwjut t|ir« rfil&timjti 
b*.ittLTt« t!u iWnhrtitti Puipiv feniidjMmii and fiuHl«-f^yli3£ twin 
(|i_ Ml), It in. thijaghl hy -mh- tbni Urn tUpitiHminhi « uT 

Jimiill m.Unt .uni I* nimviy fAjM r--knj j if I dtfhrtTiiL'ti in 

of Ij) P ttovls O^irlJYe lUni bfllow . Till - 0 VJ'lfuJIIIt|OI ! arftflKEtilttil Ull5 

nMomptiDii iho.1. ihoro art two fttparsm inline at'riwa in tlw ^mc 
rifiitrhlxjurhciinJ,, our of Cambrian nod nth- of Eo*v nr u ur. Thb m^hu 
an irnj-imijahiiity, > TfK h cinll.v in ri*rw id thv vriy ck*+: <imuUriiy of U)f 
- ei| ifnsr?*. 1 ^3 Twi' - j t* uf hmd^ t jltisI othrr ^-ologhd* turn* mlcrpmtflii the 
iltRtiirbrd juii’ lion boiwtwn the Sf^ Hup" hhHob &ml ike overly mg Oam- 
lirlnn rock* 4i thrust-fmtlL of Major impomiu*' which he* limuglit 
l\ir Cwnlirisn sinus on to I -hr Eck™ n Salfrie scrift*. &k« far no dcfiitU* 
ftvjdencff lute' been fortUiAiiniii^ to show that ill® ^djitte w’ridf of lir 
ventral portion oft.br in rw% ofUdOWir tnit tlio Hwlt- 

Hisnye ii known ta iurdiidt* a m?ric* of jrnpurtuiit ovor+UiRiHi Eaulfo ««d 
ji df>fes nor atvm taptobabU' thal Uum* mi- a Lliruat-plane running along 
liic bust* of tbc range Ftirtln r cvhfrhi* of movr-rumt bftwc«n this 
Sul jut- beriV- . i ml the overly ini: bmU i$ provided by tfie w-tror.-- rn^r 
Mie .i Khd bore the mi nun! :md gypnmn ait overlain n<if. by 11 smhriMi 
bed* but by the Tnlditr lxnM.-r-bcr| t mu! mi many [ilw*** along Ca¬ 
jun r lion tin- IotiiMi?* have N-it gresCy chared 

B. Huhrii hflfl jn wjlumifioii-' papers dwGrihrtJ the nature And mode 
■ if of jinmurcms plant mioro-fiMj! remain* fAiigfio*panne, w* 

pai^CT 1 41) in viiriuiiA rocks of ilia Saline wncn, obtained Ebom rlrrp 
boring {to nUffitomto rhiunf"^ nf any tthwntiiinus inlrtxiyi-tkm 

iiurrotfeopia sir-bornO plftiit^drlrrii 1 ). ilit ^nbj^t ^iall n innjor ooia- 
trofemy Acnmi^ giKilugiAli hi S tiflb* ami 4iaiiifjetiiig uvjdiUD^ aw iNsiitiimr 
li> nji]Kyir, irtipptMiitig <m& iidft or the other, from iinttunJ Mck^nttflipi 
thnis^plaiie?. micro ftwailif. atsd from duep Iwringu pul down for ofl* 


Kokat 

Thft Kock-aall deposits of Kohat—Mh»n dkniiict* l*> Hir 
north-wMl of the Knit lirnipo. nt H.dimhir KVir-l nmh'lheirbiK in 
iho blits of the Koh«t diatrietH thw are otrtcwq^ »f Klrtlmr rrwk* 
which are rontftjkdble for Iwinp lmdt’i futo hy o jen'rU thick lie*, of 
fjiki Ufla wnijHWtd of Alveolitnv liniuwK'oe, which litL-i lM»a mwlly 
ultcrod t'j tuiisnVO gypsum >* ftTid htnja of ri>ck-sn!f At H;ili;*dor 
Kht'I dfnjut »i thousand feet of tlvwo fire kid hare in a fx*rfcct 
notkliml action: the buds of rw'k-^lt, which are «t*n at tbr 
ceutre of Uw autiiiliiiL', are ororkin by gyparnn, tire- upper jwirt of 


1 Prve. Nai AOoi. Se. ffirl- vat. II Anil 10. IMHO 

i n s L iv.nii* .mi i. U.piti^. .n«. (W. t«n f*<- '“i mi.., iem. 
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wliU'ii fa m^'xLpvcbh-il with gmn elft> Mttrf Hmw are 

in turn dUM'cwiloil Si> mmI i-Uvx uiui by Kirfiuir Umt^tofM* win- 
tabling Xiiwmtrfit*-*, A/trdiiut mu! uthr-r Ifa^iK Jn Intend extern 
the outcrop of rock-salt is i ruce-iffr fur severe t miles. The *<\1t fa 
rhemicmllv jiufi’ erystaltlno sodium chloride with Kinu 3 ndmixtor*? 
ufcalniutu «nlpbiiU> T but willi no s^otriab«! salta of potassium or 
lUri^in-'Liiiii in the b'SlL-Kmige iTapdaita of the name mini* ml 
from which d» the Kiphat sail differs In Ite prevailing dnrk gmy 
eohmri anil in being slightly bitiimintfiifl* h lm» bow suggwtod 
tliur the tu-o mlfadcpodts, io spile of (Ticw Height difibremWii 
haw hut! n cmnmon ori^LH. und fin* of the same ugt% find tlwt the 
apparent infra -I niuhrmu pillion of tin* Salt-Haiiue J§a It-deposits 
00 miW to th*' S,R, is- ifCNUji near Khewra, fa due to nveitbnitf 
faulting* 

Saruanji Saage--Tn tin 1 extreme niirl.fi-ws^l of Kohat lb? H-ini- 
kot b#di Am fltmngly <]cv«-loped hi tho Si nun mi range and have 
bwn Otudfad in eoiisidurnble detail by Col- L, Ml Unvice. tQp 
hiioal /Am.v'j tr.'fa jx*> jtfln >1 ^-toihi- 1 - luli.I -linhsi with on jibu^diuil 
nmlh^'Xin fmitTii thc^ ooit*iitulu the Eocene hoci^on fu-ond 
in India; thn higher tied* sire mainly limestones {LattAnji /imr- 
A inure norms! Duties of flit J akj bod* (m compared 
with dm Bahadur KhelJi-velojimtHiiJisoxpj^l mat Krduii itself 
The Jawed; JjcmIm nrv gm-u clay* jind iimlce; thew ih*i over Inin by 
the iS T A#4drjm Jiffir-ifcOT*- Above thfa lirm»tuiir there Lx ! lie Kir 
tlisir series with u gypacijui* r™l ejny nt the base. laUnworl by the 
A'o/pai/ limittirniFw and Filmic* r the N ummuiU* *&&& and the 
Kahnt HmfJitom Tim I aUI ami Kin Imr Uriieatnitfs and accompany¬ 
ing fihale^ hiiv been tnuwil twttwafd* arirl north txwtwanfa. 
rJtiraiJgh the M^ignh* and Kola ihjii i hill* *kiui the Hazara imniiL- 
rains, u* Mirridfamlnid p *n tto dhulum and thence hito KeahtDir. 

Sufalmnn range: Tlir hIvaVNi- rtnvv.* - -i^ri in thf hill^ c >f Dnni 
<]hcuti Khan (West Punjab) tmrv lx v vefinted to hens &* it has 
nK^ntly lim; > k'neifbvrl by F, F fi ':i in-—. : The fr?--Lrtik* 3 t. hi.-ds nti? 
of vanublr nlywotnr with imn h link-, rather nvvr UHM frrt occur 
nunr the mud to Fort .Mitnm The ^rk^ m 4tH>o ter i 

thick H h niui nh nhnle, with onr thfck linn^iOflc in. th* 1 upja-r fxirt 
The Kinhnr minHit feHt, fa largely chtx-'nlatft-eotosrcd 

clay with aoi^nlmivt^ mnrl and Ibnt-Bionc. In th# tipj^rrao^t d00 
feet of Eoncmtr IkhIji PeEhlbpiVn i^ vomtucm imd iht^ iNsdf* my 
carrdiitjrtfi with the Tapfj icriei, 

1 F. K- Emu^C vo5. rti|* jst^ 3 H Iftjl-- 
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Potw&r 

*>| Kuhat, in tint K.'ilib Chftta hilh in tint northern part of 
thr F’dfvuo 1 Ik* IWnr Iwch (in-wiit n sniHewlinl rliffnieul facies. 
Tili-n* i* H dtrong tfcvelupriuoib (tf UtHAt^pfiea which include both 
Hanikul >unl J^.ki liefle, eijuI ;i thin coaly hnrrcon presumably nnr- 
rvapoiviliiig U> I lie cue! Jii ill*.* f'iili-Uinipp. 1 1 1 1 h- r hj t'i <•:- 

ivliich nrr iheT- strikingly !■ —> 11 i 11 -r>:ms. hnvc tu'fn termed tfi!i 
iiMcrfd/if, 1 hey nre umfliiiii hy gyp8<xiii6 liiri(*>ttririffi which aro 
foJlmu,! hy variegated htmlt* *-n’t 9 ) Wlsm fwr thick. 

oMiltJliiiinif fd«n vertebrate In . . md a fr«- fiwb-voter frwwk 

‘UiLi huriz^n, known tu* the PUttwHiie Utix, njiponrs to Iw the base 
of ( he Kiri her dtiriee, and is with M'opagtc) of oil, The 

Kirtlmr in mprtwriil-ed hy the K11 hut shale* and the 

yummuliit ■ludc*, about 21)0-f|pt» feet, which com.- above the 
variegated shales (age approximately Middle Kirfhurt, tin- higher 
ht'ds having been removed tiumig ihi< OEgemiedenudation. The 
of U*di* from the ftiumrbih lush, np« mU in known na the 
f'hhartsi 

In tilt? Htniitmrii purl ol ihr Pulwar tlur Kotftfld tui* . dr-vcjnp- 
mmt *imliar to tlmi m tint SoMfiang* Oil hn* U^n Found nt 
KJiiiur, DJmiian, Jo ya Muir arid firtlbt^r in the Sttfcrwtr him* 
ntonv L>r l*ki m* r*. Drilling near GbiikwuJ Iia* nhtiwtf tJ» pr^enco 
of tlio ItunikoL tKhatrabad and Dltnk $a*a bcd«j b«EteatK i Jw L*U. 

Hazara 

Ivin i^tir nonk-. primipalfy composed uf ititanivtt ± dark liunDRU- 
lifctc limisumi;-. pi ay » jrmtninrnt [tfrt in ihr goring v of Jlaxurn 
aiiii, imlc^l, of rIn- tvhole country orUfpid the \\\Y frontier* 
riir bHat?, llu f ( ^I'bearmg Ranr Lot serio* lb nlt ! ]sijtif-tl, though it 
dtMT not pr 1 any rrnjiomii- n MHim-ri, Lfit" 4 [iiaii| i E.y a-> w^Tf its 
ipmfity of rho taml F^>irtf: \ory infnmpr. The tininntuhtio Ijmfptnnn 
ia a sfrry nr «lurk nu\**ir& iovk of graat LbidcMSS inifer^ 

bedded with mimmuIiUtr aHalr- bwfc h and hat different 

fivnii r hr ^|tii vain it bfdh us t ,S^1t lin nge, The liiiH^tonr- 
ii|iunn!ri intn f.lirr t^hhanH of shali^ And Ibir^toinr? whiAh nre 

imwifbrmaWy ovwbin hy tho Munw Eiortei of ffiivLiiilo itep>sita + 
Thr Eoccnrof If a .-Jim carttmdti nhs bayondf Jhvlimi into 

Kashmir, fnihivrit^ the great hi nrl of rbe nsountahht amh *fi men* 
tinned in i hr- ticst^eeti-in^ it jmn up ^ ith the ftummviiitici bqTfl«r 
fringing the- ^suth wmtem foot of the Pir Porijul, 
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Kashmir 

The strung l>uml nf iniiiimulllic liitu'nioufiti and nsaonutod rorkfl, 
lnhni£fi!ijj lt» tin' Bitnikol nnd Ijfiki *<riw. which rtntflwi from 
Kuluu thruthe Tlazjirii uunutlaiuA to Knubmir, jwreists ft* a 
iiftrruwir band stum llm Jlieluiu, whcif il turns Abruptly round 
the great HTTitasial ro-onfcr&nt of the mountain^ Euirl runs along 
tjift foot of LbL" P it Piiujid fnr more than l&Q links. Tlio width 
viirk-F txfutly, ill# band widening and narrowing between the i wo 
PunjaJ throats (page 0$) which bnnttd it on either Hide. The 
Eumic i* also a**oekLed with the large inlicra of IhuTuu-Carbom- 
feraii? ihiit’s tones fpe^e X J 2HJ in the younger Tertiiuies of the 
ilimuim liiLb. and includes deposit^ of ooftl. and idmnijiiuni fuul 
iron ores. TUe lurgont of Uin^e inkers uru near Riafti and FoOttdL 
Among i hi -ij? the Litki horizon in reco^niM'd by I fie premnoe of 
4 pciTi*g of and Alfwiflu/f/Af ui the mmiznnJjtic 

IfttKifttorm, A fDrrugtuotis pisolite eceur* al. tfin ham of the Eocene 
find b workable or an ore of iron. Aim luu^ociatQc) With ihe basal 
beds nt both Uu-i-o Lucalitira there oeeuni an rstennivo do [Risk Of 
roal mil bauxite Lind bauxite uLaya The lhh.iutieuj- iif bauxite 
near the l*a«e of the Ri*‘turn. inflicting a great regional uncon¬ 
formity wills t&i mwiwrlying Paliieo^uio Eifueatonr. if euggentimuf 
a Jut™ tic origin. 

71s ir Eocene of Kashmir exhibits a double facie#—one analogous 
with the NurmnvUtica iifBnxar* and the H*W. Punjab, the oilier 
readling the Snlmthu foeir* of the tyjH* area in the Simla bilk. 
Tlu* former type h wdl developed in the muth-west iJiuih of Ihe 
Pir Panjal wherein, along it» whole length from Lhe JWum to the 
Ravi, it cOrraHittte* a remarkably <wmtateftt and chdroctoridtiu 
lufjt of ftltfrcd- ubsmirtrty ijunimiiliHo linu^iou® of the “ Hfll 
Limestone *' luri- - , In n thick aertafl of variegated ^huleft 

with kkjh! fe-itma ill itu 1 Iuim (Chltarut Serienh IU width vurirc 
from a few yards in about -1 mltuA. Lyrlekfanr Ji-erilwd theae mck* 
to an indefinite lieLweein tin- (arbonifersuif ami Tlin^n and 
named ihaiti tfn* kelrng iuwl ,f Stipr-i - Killing " -friw; later wort 
in the Pir Pfl&jfll mogo* tiowoiw. Ium e^iabtLhihtv) the Eocelir age 
nf tfioete rooka boyoud doulit. 1 

The Suhathu series of J*mnm—'flic Sind faejea of thi* Niirnmu- 
lilies mixed with ifae Stilmthu fcyp of the E>Hvme in tni^t with to a 
number of iuliers tfxjwwi'd in the Murm 1 xone lying to the suiith of 
the Pit Panjal Hie most Imporlant of inbi-n- noeitr* nn a 

* fl. S ttVIffl. Mrm cji.t >*>| li pt I* itrt*. 
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niirton- rim i^ultum*.- .uUrmp of Jtu otilrr uijffv^iJilr-r.TUK lime- 

**"* Sirfmii limiyrorjc <>. 22% t f M , n , fl . ul , nntl _ 

diiJftf K*ar Hifiai, nadii of Jnmnitr. Another t» in flopnob 
exhibiting like rtdnticmj. 

I he section given bolnw illustrate? the 'cqueoca of formatjantf 
in the Eoftenp: 


Ltiwur Murrea Vnr\\h ciiul tmy fiflitiMoiii mirl *hn]m uf peat 

I 'MHt 1 LbutMAjirl* -j thitkni>Ji 3 tmtfcrlimi by n+Hift-ruus priMcutffr 
of fkj. [ otwglumimtu*, 


Un&Qitform fty. 


Suh^thu 
(S00-4QQ ft,). 


nutfmftrmfttf. 



NiminikilitM:' Iimo*to7ie, ri^lulur, 

bituminous 


. Obve flhnW, papery, 

N'miiinuhlJp KmofftJjnf-. up tn 31 m ft tlifrk 
-1 Ufpy ;i rwl lihvifr vluilfli. 

Pyritoua shtilr^ 

imn^nne fluiira, ovboarttHyjui-. 
toil wmn\H (i> in Ui 1U ft.j m pvnimid 
Pl^ litad llflimta fkiii I riLuniJiuiU. *lu\ •. ft. 
ttykw) of Iiiiiu uitnuuvtf. 

Ck&tt bratieiUi H ft |v .W ft. 


%\ hilto nhiTl5 and rfnkunjiLr Jiniwuuu?. 

Permcs-CArboEtfflrons, p wf^tjfr rnto. tlUckie** <nrt 1000 It.. 

mtcrboltjorf wilh A^ylumrJrjuJrt uLute. n±ttu r 
1 Simitar, Kotfi. 


Tbcvi* art- ejqtOflrd as the «-ms of fault*) tirnidiimta in 

til# Mnrrwf iu;rie*, thn north Unit* nf winch shows mi apjiwrally 
conformable [*wage nf the Eocene into Murrve?, while the south 
limb if gatcmllj mining ad the result of stri to-faulting. 

Eocene bauxite and coal — Tin- ha^sl i h of the Kmnc ,»ic 
liiglilj intflitv.fi tig a> conrm'nbu* evidence of m extensive ktorite 
fi.rntatii.il. which appear* rnnahly af dJSfermt (-J.i.r-- cither an u 
jiisiolitjo limiitrite, ew highly n him moils days, or n* n pure Smiiim 
The literiU. or bairn t* wrrrs nn old Inn. I rurfkce of rhft prt 
Trrtiniy liifif-rtotir-, and marks a greet cmnioual unconformity. 
In tint valley of the I’m inch* tir® 1 iCottf, tin? ium*. of tho Eootjus 
r.-'tn t.n the truncated edge* of nearly Tii-rrt. idly indfned strata of 
the " Crvat Lime&tnnp "\ hut this discord i ml junction in nor 
equally apparrnt everywhere. 

The pisolitie limonite and imnatone of Biuni Anil I'oonoh have 
been largely drawn upon in ibe piv*t to support a f! on nulling in- 
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diitttrv iff inni 'innltum while tin- o^^iriuUN) fnnuii** aJf-)p<^. hbPjsi uf 
these" looflJitiw form forge filtertittJ r^n-t* of * high-giwlc «<n* 
of aluminium. At Jtmsi the omi^ng containing 

seam* id iijuhrnviiii' coni up 
to -Ju lift ill tinL’kiif.-v*, Iiiiyi* 
hem found to l» wesrUabk? 
and capable of KU|ipurtmg tv- 
n Minora five mining, hill further 
wwtiraHs tin* coal is mtwniY* 
|y friable, and tiirtrihlU«1 in 
very thin and inrotwlant nefliiirt 
which net; severely cntsbwl and 
in |Hirt gruphitjHpd. 

The Tiunisnititfo Kmisrtono 
i* t.hin-bsddwl and liiadi - 
coloured: it hue a tendency to 
inhume ^rcjiit^pr proportion!? ua 

it id ttuccd westward* of the 
■Ihdnm. m which direction the 
uormtit ii linn of the who!® wrim 
e hanger Ths wmh 

ft&ama become thinner and then 
the pisolitio iron-un? 
and bauxite are twindy 
while the mmumthlio limestone 
«to§dQy mrrenM. 1 # jti hulk, be- 
comm^ a mfttfsive niuJiutonotiP 

*n h _. £ f fotumtioQ of white or fade 

colour. wlioac aggregate thick - 
i.H over l +KH) font, The 
qwcioH uf fbmndniffrrn m far 

identified in Uuse root* &** 
Xumfnuiite* 6®a umoui i, X^ * 

*mid A an W-iwx 

Eocene of the Fir P*njal —Tin- Euttftt* oftht Pir fVijaJ probably 
QfoogH toii lower hiiritoii, though tr. hiL-y-1- imt eq*?W anywhere 
lie nr«* abotfk SOCMtKI fort thick* ^rurally Ihlli4)«dded 

Eld hintiouhr. emUinrng ulwnim- into of .VuiHmJite oh! gatf/e- 

^ t jjt,y a ra gnu i 1 y comp n *** l illvert-* J and overt I iru*£ idfln^i 

<>Th theif inner »nd outer margin £ ^ p. 423. Afiir^mni 
hrufftn). hut they show a general r^iiihkiie* Ut Urn M HIM idaie- 


-- 





THK KiKnCKjB KYnTfcM 


337 


■"fi' 1 1 iIn.' Punjab *md Mnzut;. thilii Ihttiiknl tm, [ ,\ Kpfoal 

HOTtipn p4 h;«v-n ■ 


JJurrfii SrriM 


--—-- Tfiftitt*j?l&iip. 

friUftaUil itttJ mid 

W ^ndstonra. ■ Ap 

I TLin-b^lilwl limtHUjUr, black bhimiiium* 
wi th Nttmmtritia, Optmuittb^ 

Amtimt md (himt* - - * - loofi, 

I Co j h «wl j wrinnu *lmlr * w itb i ftm Ft n ni!- iha!** 
ulni jspLiorififit'd bjils, *• 
j M just yp. jm k. giw. m tmttiod , v-h ort } , 12 n n l h 

tliLu-EimiinlxHie*! whh li«rik r-- 
Hftrvfflj pVu»i.M id|lFi rtiirj pqtfFajKh/iL - iOO A. 
SPltthh prtiiagi* VfefT f^nw. 

--——- f 'xnjul 

VnhjftS Tnrp Ami Frirnimn yr Tnflw Inuu#tCme«- 


Ukl 


JUaJfeat 


P Jri probable that this llmegtont* % coup e.\ thrills in pr mm Li mini] 
outcrop nlmig A gfifnTii] nurth-w^t d tenet hhi frmu fiie hurt hurl? 
tcrmiriiteiim nf the Pinjnl chum near I'n. alooj^ 1 tm J he I urn 
vj illrtv lo MtmfFarahadf and thence H^^rn, merging into tb' 
witter Kt>r'r-nu zone of that region. 


Outer Himalaya 

Tho put ] huiuidarf of fli* 1 ErtGuiiv gwJf rf North ten!!*, 

referred |mjr« ,10®. wm Im- roughly judged by the mrnt und 
dtoWlnjlhm of tin* 1 micros of Xiiimnidkic linnMnne pn^-rv* d 
tu-ilay — a tunre nr Jes* wiitirmOfia l*dt c-itemlm]* fmiri Rind mid 
tiii K Suljuimm JnJL-, whan* it siUin* tea ffcvuibpmmu 

through Mutaffumhjist nod ilu 1 Pit l J ti!ijnf chain to 

tu.’yumJ IkdJiou^jV nnd Sulmtbr arid ib-m^ with dopfc-iiilng width 
and nmuv iniwiia-zm U> Saint Tul. 

The Kottfuc nf the Outer Himalayas of finite i s dbfcinguMied 
a.* the Hubathu which te -.d I ate rid with I?lj.L 1 tH lb.- Kirthar 

fttfriM, pcH^ihJy with lilt 1 imdnrlyin^ l^ihi «?rteh., 'I'tic Suholku 
wr\Wi (.ypitalty itevpJo[ircl ph-hi Siltlte. imm =4 mfUtary Mnilvn 
new whteh tJir n:riiup take* it# naun?. Tbo rooka are r^d ami grey, 
gypaifermn* mid cjdcAi%ima nhalra, witli »unui Inter bedded haad- 
*tW mw ansi nytmndijiflU' liineatntys in which .Vn?matdi7r^ ami other 
fooiLK iixr fntmsh Vhi$ itevatnpmpiil difterv frtiru Ihr imw naual 
Ijiki and Kirlhnr \nnh in the nnrnU pr^pofliun «f Unicstoiw 
t 
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There in afaw ft ihffcflltlttf in ctdmir nml i t Xlun-. 1 hr Siihnrtiu hum- 
rrini- Ih-mif grey hi hJ&ftk in rnlnirr, wry arimpnpf mid ihmfy 
budded. The beds arc TOry variable and inconstant; then 1 
if a workable iioal in on e fnmlity, but ibis ss misamg from 

the lypr urea, tba lower hedi hebe instead femigiacmg sandstone 
tnnl grita cortUintna pinditic haematite and Mmonibr. 

Assam 

The Eotcita wife* crimpy P large iwva in Assam, und offer 
revftfal point* of in thrust The lowert beds exhibit two sharply 
L^ntxiuit^l (nctvn, one in the imat of the province and the other in 
the west lh the Nagn tdUi (in the eastern area] the lowest 
Eomir :ifr tli- 1 ihmri$ shahs \ greal thirkneef of very well- 
H ark-grey shales with thin weft-ocmentod sandstones. 
Toward* the inferior of the hfJip sepnruling A.^sam from Surma 
ilu 1 shah** bfrcximo hardened and slaty mid are associated with 
<|uartx veins and serpentine, h is just jiGHsihle that in this aim 
of the bed* referred to the Dimtng *mries nra of pre-Tertiary 

age. 

Ik rbi- wrsti rti part of Assam, (here [* developed n eakurwus 
l.ide^ of tho Xfoociifl; this occupies a larp* urea in tho Shillong 
fklrtti fin ((into Kills, Kbiifli ami Jalutfahill*} The lowest beds firm 
have recently bwn termed by i . 8. Fos the Turn stti&c; they 
include sanrlsfonoi and |Chu!es mul thin seams of fcofth This stage 
ir now believed to irifdmlt? the Chirr# mmhiort*\ a band of hart I 
floftrso asaidetune, anil iht? vaiinuri cnttartipg of thin coat occurring 
in and near tho fiiiro hills; these were previously tbought to be- of 
(‘ret*ceon> age* These bed* rest with no marked discordance on 
i bn i Tf ttUM'f Pua but overlap on to s he uueiss anil nLhor itietamor* 
pbie mok>. Vt thr base is common Iv found kaolin und occasion^ 
ally liiiorito. The Tura bods iLit 1 follower) by rjuiuiuuHtio limr- 
fttimca [Sylhfi fiuMlona ulatff.) whkii a how Hitnii i?i»m )ili' Intend 
tji tuition; aim Ire nrid even snnibtou^ ant loaalfy deraloped. The 
Fnnijii is Hitrlv rich And sliowt ([fTijirtiw; niih, the Kinlmr fiitinj* 
of VVt’Hl i’fikitfliiH. AIkivo ifjeHo litutwkmes arc Liu- Kojnli 
afiiriHitiojtK indiitlnii' sinde. i.hin emd. thin JhansTi'iie, nnd thiti 
sandstone; thow betUi am al«n fu^iiiforons, T|i« rniige of PjwIj 
including t he Turn. Hylhet limerttone, and Ku|)iii dientutiuitK H,tage0 
is known as tin- ./(toih'i -tent a, eorre^piJiuJhiij lit nfjf to I he ujipuf 
fmn of tJifi Disang series. 

Kecent work bv the liuruinh Oj! (’otnjviny gtvtloghiti 
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thdt aome re vision of this clHKtijlfBatkm i* dem table, It h-jp]ki^lth 
that rhe Tiira hods said Svlhoi. [imertonc jltg fhciir* dirixiijpa 
nhiirflctmHtio of differaiiTi copifftiuriii of dt;j innition.. and not ino 
oeaaive *kage#i nf the Eocene. 'Flic followingdirf$kmg nitproposed* 
approjrirnatdy wndated with the wott*known sorjuunno of tfind. 
Pmiifl limaMofi* Kirtlmr 

NarpuJh t*rd* T^k> 


Unoonformity nr pidaeontnlngical break 
FylfotfonQ tmU 1 

Tktrria h&fo 


Rsnikot 


Tl m Turn or Cherra ^imbrtruio of thv Tliurri&glmM.lmrnifiimji 
lii'EgldKJUJ’hoofl is equivalent to tim Th&tfo I** Is, of Knnikot ,ige, 
but f^rt.||€-r wtKfc, ru-^-r Turn, Ibo Turn la ynittu'er, of Ijiki 
> -r Kjrthrtr age. Tin- Sylhei intrlietlf* - Lrikiulnfig 

la Prang, Thu tN^U of the Gtetwjmnp district is Limit**) u> Ilia 
Likiidr <1^ and bi thus *T Etamikot agft. Ilk a finrtk-westerly 
direction iha vMiriruL* tlividniui nf tht j BdMM IftHMmir men; aivn- 
aceuu» on tl thinner 

The Therria trade contain fo>v (WiK hut contain mmr idgne 
which nm el^wlit^e us*mtkfed with ftaniktit bed*. The Lai* 
dnng lw*b contain Fomminifyr> which Inrtihntc * HanikoE itge. 
The Pmujt JJim j *tuim includes many Ibasila known ffotn the 
KirlJura of West IkkiHimi, suefi an AsmUtm p OiwWcyrf i>w t iftrm- 
imffftet, fitr li$ tin? Ko|il£i iiltomiuioii? ivtit-uJato Numnmlite* 
and PdfoOrpirn appear* nnd (In- f»iina a oirtchaioti with 

the uppcrmosT Kirtlmr* and the Tftptl lw?tb ip. 300}. 

tti>!h the J&lntii aerie* and EHaang wsrie* are ombin by the 
very thick RantH ■■frm* which i* of roiLHidomblti economic ini- 
|iPirf:niiT’ «vn ii nouialmi thick ^iii m* nf t?o?d. Tin* m-rfa-* iiududr- 
thivk hard fttttidaiomie wbitrb - to the Baratl nutgn which bi 

the M bflokbottrf of A-^rtin; in vnMitioh then- Is * fairly Urge 
proportion of argUta unlit* tieils which teoitiifta allgiitly in a north* 
catftom duration. Uw Barflil «rin« h»i been mbdltiil^d tnUi 
HiAgt-a on UlholegfruU gruut^. but {<mik am fixtmady mrc it 
haft not bocm poratbb to cnrrdftit' thtMaiigai preoiiiely with Uuie 
in oihof flfvfts 1M Hit rat I lad* ufiotr *IH importint latcrnJ vam- 
tion; when tneixl fr^afu midth-vr** leuorth^Mt. Um’ t’^bonii(wa^ 
mnterial very ^tdidfly inotmart in amount anil thw oacbouiimiu* 
nhatcH ioli- snaly ahaltfhal> wuita, and thi itw into thin nmb> 
anil bo in Dppor AsU n ; b&i thick cwb of good quality, in tki* 


ipKnhiiGV or IMMA 


340 

urt-a, the qppar portion of the tkmut series fornix i he <Vri-wfviaMre 
*)lAwru4 hut aHhutigh the i«ml wiama ft re fairly numerous, the 
thick workable* seams jni^ nestrictcd to u ^mi l 11* portion of the 
sequ umv. A tew frasllg riwccivered near tlir- coal horizon sug¬ 
gest mi uppermost Hkxsene nr ■ HlgotipTu* agv U Ih th^rt'lufu pm- 
hiililii that the Buniil scrii^ ranges from uppermost Jimvuc to 
OtigiHXMir. Oil-sliuirs rim found in .-ittmrnilimi with the fuirai! 
swsries in the Huririn valley \uul in Upper Assam There is no 
separation of 11 oU*ineflflures rh und“ vM-memnxm ,f for. although 
mml of t he oil.diows ore well he-few the thickest of the coal seams, 
mlsanrls often oerur in between the thinner coal $mm& ami pefrofa- 
fcixm* coal ftetme tuvvci boon recorded* 

Burma 

The fiocene roeks in Burma ore rfevo toped on it ffirgi.i scale, 
reaching a thickness of well over jMkfHjO feet. They show ft fncfieg 
of deposit# vary different from that of their equivnfetttft in W'eic 
Pakistan t^ind, IhifuchisEtin, North-West Frontier Provinw, ifri.- 
S alt-H finite) and Kashmir* hut have conwckruWr t cnei e l P>]lij ices to 
the Eocene* of Assam. rotter Inn divided thdlti into six stamen 
I see table on prgm 323), The Tertiary sequence commenced with 
a fjiwaJ enngktfii-rntft, frtumjtjf/i ron^hmtrale, of ttunikol age. 
resting over a somewhat obscure group of rock* which form ft 
Inffro port of Tin Amkiui T'oina from Cape Xi'grata uorihwiiiibu 
"Fh r:^ me known as the Jfai-i and jWprrtj.* groups which 

pfobubly include toxin from Trimsbta to Cretaceous age. The 
greater port of the Lower Eocene Is made up of the thick Ltiuntfslm 
Hh&ltA whfeb probably Correspond to the Disung ahaJeft uf Aisaim 
irnd nrc miimty of Lnki age. A few thin Hu ftrnu of coal ure tnd 
with m tile overlying Tuhtjtn r.ftttf*. Thu Upper Eocene beds sm 
of groat interest. The P/mAiu.^ mnd*io&£j r about SuOO font 
thick, mark a temporary mtri at uf the nttfmiTtilitm which was 
throira Iwiek foy thick del tain nccmnula felons, Lij uiiiali are prm 
served I he earliusfc fe^ii JiL;iiEiuiahi uf the Indian region. These 
bekmg to the Amp&tiont#* WthtmytiodotofA and Titen(jtker*'* f the 
jimral raf forms of thinner n> ■ mid the IdghJy gi'twaluicd cxtkud 
group '* Ungulate* (tin Anffaramt htn*\^AHfttriatimm\, An- 
thra£tjhijuA r and Anthrw:okcr*tx, Mftritir ixtnditioiisi were mikhi re 
sutued, howovor* before till’ period name h- a rJo^s mitl 

in the Tout Uien- it % om^klerfthiu flevehjpuiciit of marine 

beds eontoining h»mmhdfiif«. 
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\\ . I', llJunl'iint. <hwsJcijsji- Ilf Wm-l-tu ilfrftt. fi.sj, viil. s', i H |it. 1 , I^M. 
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v,j. an t xiv, yoS f pu. t 3 Mn.l 1 . im-iWi 

W- Vredfioh w$ m Vmttfnty Sy»Mi iftfitod, .Ifem. fl-X.-T, ^-J. pi. :l P 

IflQfi, 

H« s, Pinfrkl, Btriratimr .met Ktrangrnphy of \.\\ , Pimjuk /«". t -. r; s,/. vnf. 
xiiit, pr.. 0* HU#. 

K. If. Itoif. IVtiroliiunf Drijumitu of FciJ-ijjiih ,liicI X.W* Frontier Pmvinr.-^ 

i./r.vi,l^v /, vT-f. d. pr, a. It>L - 1 

U' L. ,F. MuttalL &rjgJ%rjiphy u| Ijjn- J.*kL S*-rtf-, vrjJ, hssk 

pt. a* m-v 

h< M- Bh**M HftLi ftf TEinlt QJjtJJS vo|. pr. 113*7] 

h'iNP.U FftiUld 4jl iV HillEkaTLtt IUuK*“. /*<?/, N.v VI>1_ LV„ 11130,1 
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L- At, Dnvkwi .I >: S. I*in|b(d. Eotuti* Bed* "J t|jo Pius jnb .^ 41 -H^h, 
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CHAPTER XIX 

THE OUOOdttfSE AKD LOWER WOCEKE SYSTEM 

OLIGGCENE 

BA&tricIfld Oceiirreuce—11 QHgocMiB ajwtum is very poorly 
represented m India mid ii scorns that. during a purl. of th^ prioil 
il rnct.^ideml.p]n amount of vhuL is now the Tertian umtarop wiw 
undergoing demididioii which rrauJtrd m the ra moral of such 
OligtHMUic dfcj>odfe* aa had been furmcd, ft* well as some of Iho 
E^fOcae. The fulk'M development* of OJigoctur ruck* an'- lit 
Sind, and Burma. Rucks which arc probably of ODgOOUW ago 
occur alijn uj Afinam. Xu the few lixcim in which jt hi developed, 
iho Oljgoccn* appear^ to fit cmdbrmulily Up on tin.- Eocqm, 
allJumgk it i* not Impot^ljJc that tlieT4i i» 4 palm^ntulugical bicak 
(a thin Imbum, The 0%octm> AyHtorn m mmnlLy separated from 
tlio uvmlying Micron* bod* by an unowiforniiU or at least a 
[uUaoontDlogiod break, 

Tiit- OBgoocuc system appears u> In? d&rni from Kohnt, lh* 
Punjab, Kaibmir Ain! the NortlpWiul Hinuiljtva- 

Baluchistan 

Flyscfr—In Raludustan ihtm 1a il groat tliioknr^fl of shallow 
LVub-r -satislatent unit gram arnmceoiu alink^, with only sub- 
ordiiiAtA! limratotic. this rluuc-Iy nKwmhlro the FJy^cIi of Switauf 
Jural ,imJ om eriH a wide traol north of tho Hukrun enu^L Tlihl 
iuniiiidon i* draigmitwl the KojuL Hfaik-*. F*msifa art mn i but a 
few gastropod* have team I"oinuL in dialing ihr ago 

hi Ji'jlsi *ome part of 

Sind 

Nan Series—Thr Ojigoocnr- la tin in Sind mv mure interaling 
Una Llm almost unlbmQltban^ rtidiirlihtjiii Oligoomit, They are 
part of the Nan eurfe* mid ovnrtk tho Kirtlntr Ujtteetotie wjih 
apjjanmt (TOifomnity, 
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H» riEiTiitr L= derived from the Xari river, along the bunk* of 
which a m-twm of the iotm ia Keen. Tin- tower purl, of the Xori 
ia wmpnftv] of limwbQHttj urate* ahjiks and Handy limes(um 
Blonford pointed out the sharp distinction tlimr- bed* and 

t he overlying arenaceous beda, und Asfltiribod an angular tafaau- 
fnrmity hotwum them south of Sohwaii. La tar work by W. B. 
Motro and other geologists of the Bnmmh Oil rmnpany iuta eon* 
firmed the distinction fietwon riifi Upper and Lower Xaffj hik’I 
faai shown thiii the Seri scries is not a single unit , but is rf faMbk 
into tiro parts separated everywhere by a break, the lower part 
being OHgOeene rind the upper pert .Miocene, This ini purl ant 
break in the Tertiary sequence conrapoxids to the break found in 
Assam ami Burma. 

The Lowrr Xuri a I tains a thicknoiH* of 1BU0 feet near the ti'flj 
and Xiiri rivers, but si thins in both directions away from I ho 
Kirtbar mtgu and <a absent in the lower gruund west, of the Indu* 
near Hyderabad, In the lowest. part of the series whale foods an? 
m«!rt of tbs tot# of iYiimmwfjtoff und t^pidoc^dim, topedalh 
h> diktmn, epxlmen* of which (pfoviraalj called 0rhiuA4&$ p*ipu ■ 
ractn) up to E or 3 incb*» in diameter arc not, uncotmnou. Nw*- 
mvlik4 intzmtiiiva-jichteli is an index spooks for the Lower Noth 
and oth or oommi m for me we Jf nan^ian 1 and A\ ww m#. (>th nr 
fossils are If </nif lurhi/i, tffA izttf/tr r /? t Uy ptatit r. h u-o , 

f -femcn/ntj Ovrbida, Ofirtiij Nntira , I etc. 

Ajttim 

Barail Series—ft t* probable that the greater ]mrt of the 
Bar Ltd tiatm of Assam is of QUgntiCno age, but The ext rami' rarity 
of foHsiJs makes it impossible to esmblihli thu- age with certainty. 
The Barm I scries La overlain with marked imronformity by Lower 
Miocene rods*. 

Burma 

Pegu Series- A cun h^ilifbroij-H dfrVvrinpnictTt of the OlJgocnnn 
ixauis in Burma and reaches a thJekniHSi of u- much * lO.iKKli 
feet Thi^e Innb form Tin- lower half of the Pegu i-ystcm, the 
upper half of the system of Miocene age mnl separated from 

the umjerlyiiig Im^Jh hv an mi form tty. The tj&wvj Prgn.- have 
Jjeen sidxlivK Ei k d fni#> throe- fltAguH* Thu lowi.-t, the Shut^Haw 
m ndffonr, ImiaJIv etnitnirtu u fin thin scam# j »f impure eual; when 
tracod from south to multi the pimp show i a poKsag* fniui marim' 
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b«1fl {old ft etmtlaculol [a cue. The Shmsefetw aintfetoneff are 
overkill hv the radawttf day* wilh a ohuncteriatie .Middle OJigo 
fauna. Above tlu Podium? eky.i. Chen? in thr Singu ufagi 
( ,r Vntlenbuig moluding both ftoridetooeH «Kl sholra f but tlir Hur 
mah Oil Company zoologists havfe put forward « different 
ticatitm for (ill the bode above the Piulaung clays and they haw 
N<rnt<M{ the highest OUgocenn rocks the Ok/tinintoung wWfc- 
it ffarmatlnji which ahowa jurat variation in thicknwa. Thr 
tiklimiuiaungsands tour*isocpur&tedby h markedpnlHRuntoiogimi 
bmik from the evnriying t. T ppw J.Vgu rocks, 

Prtreleum— While petroleum, like n^l, mu occur In rook* of 
any' geological ,ige from l .‘mihrian If l'liuonif, the fficwt produotivs 
|U‘ir*ilift*nHi- -in'ii in Aaia art- t.J Jnras-w to Miocene age. The 
l\ign fulfill of It nr mu has yielded birge Humilities of petrofoum 
.nia it* Jwwidft1«l picdm:!*. Tin iJ of Yrmutgyauiiy lm s lwoti 
kinrwii from nncicot litnw It wn> formerly obtained from wo Da 
.lug by bund t.< rnrin(drmbte depth- and wo* io«i as n preservative* 
of wood iv.uk, its* i medicine, lor lid rii’atiog. uml um liUmumsjit. 
The nioi.1 in>|K)rtmit oilfields nr. Wrouigynmig, Siiign (Qhauk). 
Uuiyt.:., > eiiaiLgyat ami Minim, all of which nrwm . -mull a re * in 
fwituri Burma. The oil is found at the summits of e ntfo l frto and is 
obtuiovd by drilling to vary .tJnaUio table depth*., TUe production 
of petroleum in Burma WIW about 2.W million gallon* per year and 
i ho total mnmltU produced up to 1030 amounts to approximately 
8,600 niillinji guttumi. 

PtlroUim —Petroleum in u liquid hydrocarbon of complex ehnimui 
composition, .>f varying colour mirl nfW'r-tlic gravity (0.8*0*08). CVnilr 
petroleum carusiflt? of a mixture ..f hydr .n urbciw— -tilitf, 1 liquid ami 
jraufiOB* rljHstt ini ludi amijimiriih Ijehitigang to the ]m/»(Hh writs* 
(CpHjn+^l anil ulao mow uivau turn ltd JjydrtaviKiiu and a small pro 
pirtiuti bclongim: to tic Ijt-iij.-n.' group. Petroleum aeutijiugbit khih wo 
nsuiillv uMocuitvd w ith khuv kim |ni><tfianE\ I'ftmne. et<M .'idled wtfum} 
(HU. 

ftrij/m oj f'fitoi i. .'.'t—Tin origin of petroleum has I toon muab de¬ 
flated; nl one Lifei it vi.I..- theuglit thi*i it iuid hit ignemir *'rigin mul the 
notion <>i stfiim i)n mi'titilic rarhule-* was cited «" an example in f * 
prroflhly )m>rt\*r It |Hi>* bi tlcralJj luiliJ fI l,o 1 oil llftrt 413 

i irgnnte i tri^i n, TJ h-* Eibw* turn t*ti*MtahrU smi rmly h\ ivdii I eytuwler*- 

1 T^- i m i 1 1 f -n NintnittUilH * u-L^i L iLiiu L- mid iii 0o#i 1 ni j c i 41 *» < kl . n iJnAu cif nuffty 
YinutH tffntojitf 11 x mv\t\ li*iilrf:H urtn-iiii fmtnA in the. imm- f.ni-i- lllir 

hi^lHtr |firjirtip|.>iM J» « MijiPtfipiii drHHfl Thi* inTmLimn t*. hwnwiT, h** n4liiiing 
\to ivittntlMH w-'lili Jrtfiihnu, hmiijg k j vtiUnrh dilTF=**-(d,. Mllj Ortwin. 


the OLicsotiKM: and lowuk mmmK S4S 

ti on «■{ lia-e m whn'h tni l* found fhfuiigJujiJt %hn ^urM 

bul ulflo by th$ pfr^iMip iif optioulljr xiifltfUientfl hi petad*tnn. 
T3 mj ill) ovtmmuws m India aiqipurl tlu* vkm of thus organs origin a( 
pH r "[nun from j.:ij uinJ. ur * GgcEnlilij ul.Miit I'uotaiiied in bIlaHow mania- 
Hyilm -ft fa*, MLitjii .in Hrtiids. tii Eta anti day*.<lcf*waited during portod$ when 
Ijkij[] tniil KqUfttl^ fiiti vm* abundant in vnrioEis fbnw, wp&Mt? the 
minor micwcojiic forum of pluiila and nni mall- The librtoty of leaver 
niml middle Tr.rii«y in t!«ri*ta iJepi'jtfitiott-tiflnira in 

India *bow* that oasuiiimn* for [fttadaurn fumuitiou were favourable 
\kn^ ftmuiU jle.iJ n. rieJi phnVu.n llourUtM-il in pmhulon iu tho gulfs, 
estuark* mid ddt i\n. ami tJstt Jjiiidjt miirCMiftding ilium, during thi* 
|jcrii>]. Ifcrpafillrt of Mila omanii- muddy wdim^nt in Mm land- locked 
or $*tu*ry or marsh niiiNt have pme hided oxidation And duomn 
petition of Milt anpmlo matter. nod ptmuated liaukSfiiil and WodutroJofti 
action feuding to the fumiutirm of lutlmi* hjdpwtHiti*. 

Rerti»rchu» dittw ihui tfU% nj utguolu mutter in umdom iruimie 
PMxiinurnt t«* derived irom vcgcitutiort Tlia material which contribute 
must of thin \a tho riuillumr-Mtw plankton (floating or lkhL ^mnnniii^ 
JL I weed b ;ij]d other organ ianis in frr»Ji or n i wnt*rj. Thom-iiiti* 
of fbirt of diatom iutuqu* tw-ds ham ta-ufi met will] in -- nin-nf tin* nilfinltis 
of California* am) eipmlk fihh k nuu^iif fnmmi i d feral Ufttn^oricd form 
pmdtuUVfc niMurfh in I mil and Inuj 

Xte degree ufjatfmdty of reservoir rock# pluya m im|h>rtimf |mri hi 
t/ii r tiucjcrgrotuul riiomgr! of petroleum, I he pwowty of (®dw n>0y 
vary from 1 to 3%, in compact utroU. and fnon^ic to iso to 4d L ,, 
in aamo sandti and srmdHUuin* A porosity nf -0% ill a ruck would 
mean a wtomge capacity of uuhiu h^-i of *hJ mrm-l'ool- M. 

Ei Mmwlimnf rim coir* this mcwalr roctoi um up to brndiwii of fw-t 
Lhirk, tho oil dorrii would aggrrituio up to I 000 P Wt) T>mrtl?f jwr nero. 
jfqijf Orrurrriif^—-fVtrofeuin occurs in tlio jK>ireti arid minute 

of nctuflK ami bi crpviwe in linii^tonet? nnd m ulwu>^ clo^ iy 
with Hnfimimm whmli ore nf tdiaJInw wnirr, iisrttally iimriiir, 
origin- The oil ie drnvetf frrnii ih?^f>Lnp«wf]'(M»fi *d iJie ^irgiHih' niB-ttflr 
iajn u J nrd in t Ei e.,,-ilim.nl-. hul flic mirtbod by whieh Uns tmmft^micilkrtj 
into pettfikntti tuhm pine*? in not jfCt oianplutely known. It Li oimlwit 
tJnO. itiii o i>; .jj-efi d comUtkam Jn which there i= iriCTjinpfet^ 

osidatJtuiof liiri VLirimri And JiyEJftigcii, and it lia* Iwen ioiKgwit«J that 

the (Mdion of tactsm in « faeUr m theee ju n-t ^icriitUy iu Lbo 
idfmm Atinn of i_hi? mtroflen of tin- nninial *Wo*^ 11 it tilde ^ aj t l 

thn ehaitgo lA-kn^ fdiu-r- in dfffcawt M4gr* 

At t3n?t thn p^irtiltfllfli ^ dlif^ailfilU* J llairiugiiout Um gwjtogllKiJ 
fortnurion hi whii h it r^gtaatid. but Mm ptr^ut* of ovirlyiug 
Ibfom tt to inifimte hitu the moil piMuus nNtl untS cotiseqirenMy it k 
Ipinmlly foutni Jo teiml iHdiatnt wmcbimiru intmuilait«d mnongtt flbyi 
i h in J nliiifc^ ultfimiuh 111 wimc ftrcwi jf oerufw In t he fi^uri^ 4hil cim'jca 
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of IbnoitoDre it iji rarely found without nod saline water ih 
ilfcewirc often present. ru^iHinted wilh tho oil Oil in commercial 
quantity-’ in tint cjMHilly found whsre tlie winjKijWrtU htr-iT-i rv huri* 
iont*k but in tnrilinuL -Old ftd[Ji*J fitratA tin 1 uii end gi** -'in 1 found 
odWb>J eh * mt uf tuUimd chamber u/ reservoir, in tfiu highest 
possible nitnjLi i jn piih + t.ij I ini ertiirt of tusticLiueiL In Elluls p»^ii<ioi3b Uni 
gEii rujk'Hrt Jit the ErDUmulB of tint MltldlnOS. With T.hr ujj miMOi Itiitdy 
below if. Thu* follows of ccunra ftoci the loftuf density of ibo nil n* 
compared tilth thr water sttUirotmg tlw fwlroJiCamift bed*, " In nil 
huh.;* thi!iii Tutiflt apparently Iki mi imjjcrviolin 1 mm 1 aIjovc to prevent 
an - >iiApv of illi* dj ’Mtil gtw, and In tlisi ikms k* a wrUiiu ^gnshin ty to 
the conditions nupikulc fur orti«Jnn walls, but with Iho differentia tins I 
tho urt+^inn ivujfr* rtwrivo their ^oppiies from above and mu at. lie closed 
IkJow, while f ho oil nod gas widh> rueem* thmr nupplieti from below isrid 
mn-t !.r- Hr.-fi above. Both require « l<-d n* a iihinh 

iii the atm n^ ( irkmUy, lull not ulmud untwidlyq farms a bhtkiii concave 
a bow, us the *4her mviravp below.” 1 VVhdttt the fm-kn ore not s&tuj- 
tstod wills iv lit or. oil nitty occur in ditf<Tuul oirntimfifrulLi *. fur ejutiiipfe 
in the bottoms of ^yndiinja, but thl* type of Knnmudation m unknown 
in Em Liu The porous mwl beds, Aiiiiistiiufr-, rvnglomorAtcH or fi gured 
Otu+ietoni e n-htch root did the rul tmifjl. he ■ apped by fempcrvimiH i in 
order ikf oil In* no! dhuipitiecl by In tin- tfumninctlng n+eki 

—Tie- oil HEuiilly LunUina * Urge pro]H>rtion of hydrocarborw 
width under normal procure would he gjgdeuua, but the pruanurea Lit 
great depth* below tb« surfiwe are «uffleiniit to liquefy I hew hydro 
nor bone, Jji Addition, other bydiwerlwns (imh m mamh jam*} which 
urn not Jiqncfiftl by pr^eura mo readily aOfubfd in pdtrrduuin wider 
jut-TJituv. in ayuuit^iueniM 1 ** whvii i\\c piuiciEiringof uti oiWnd by drilling 
into it hrin^^ About tiMittl rndoutlon in jirtariurs Uicnt Ibliowis n 

brisk isvoliitiuLs uf jw*. This ^ru., te-L-ujiing towwinU the w <41 thnjtigli 
the nikmto crwios* In l.bu feind or llnn^fcoiif?, tmrricA Uir oil with it. 
In thw way the oii rtAcfiPs the wall and, if the preeauro is fcufEcumt* It 
will I'ortit? uf* tc* tin) tuirfilee—souiHiuu'H wills gn at forsai Omi^nrudly 
.1 wn|| on rmchin^ eut oiNutd may get ■ mt nf moiml nntj tho oil flows 
highflJiovi- djr- srroimil, hut in Indie, IVLi-.lwn erui Bttrnia +Mir^ i> takm 
to aveid wuitU' b,,tli uf tlii o\\ and of iljr ti.-L* which pUyn »n> iniportauvl 
a purl in hriEurriiLf isIhjiiI. the pmehiL'tlna uf tin* oli 

fn tho aoMrefs for uif in itsdsn groat -JlniI is made uf 
tin* ejEUftoiro of Piirih™ oif aiu! gfij sprinp The pr^wtJt^ <if p ro>liuim 
eprin^ in art are.i whiff it indm^Tf^ rln 1 eiri^toiieo of mrbt^ETiinMi! 
oil, i# not imr^nuiity a po-uf uf iu nriaMrnoi . 1 rn c|Mtititf. \t. may 
im< lihi-.ly [inii'n tlm rrvarw' A -JOifi- oil nprltig ■!ini tsargiu^ only one 
pfali uf petrulaum in n ihiy iiuiy have during it* whuh* ilu»b 

pnk*I isl Jrjul 1^ niilliiJM torj^ of pHroIctnn A iLiiill iplc ili of ui/jiliown 

p l Sim ini Mri In* m i i.i | .HuSitginrv, vtjI, ii # | WML 
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41S1J r»j^riPi.■ l ln'tiifi 111 . iiMii> In imJirjitiiT mow mJ I In ^(ijiinity > i f the 

uiJ xi.ru I j3jui U LiU I in* . ‘r.ijrNl I him nf wfau irma. iiiidrryrmiiiit nh*n- 

the iK^ihjLC nr IruL.i^r of ugen -i hit iN nin-umnJuTmm thr oucly sir 
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J/ iymtiw/k Tht-ml untl gas etn-^ upuuNy nut imilgfrimi- ■<< iht?iwk* 

.■ounuiuil^ ihnni hut huTM h(vn 0 ujw^fttraied fr^■ rn * fairly 1 knu> am* 

Uy HioOflntWnH eflteti. nf graviiitiitin. viipfllary mum ami pmJaUosv r 
-iaILr] Iimlrf^rnun , t ^ :Hef\ 1 ll gutm wiw** tlitS oil Oi’JiUTM o ntrtlAitlrtuhte 
ilifllUIK-i HWUV fifwu, (If JiWu, tfir flri(tllLn3 Holing 

pflpfllft um Arc el:: in India —Sir l~.. E. J'usrnr Imi^J drawn (U I tTttloil 
t.o t |to urtafrtEy bofcwqen the throe petroleum aivu** rtf I ilii hi-— 
Hu mitt As^an< „ u n r 1t h e north - wl ^in j o b. whit! t ap | hear to hu vr 
Ixwsi gulfe nr arm* nf the nummuhtie tfc-a which werv filled up Uy 
aedrmebUtion. 

G. W» lj£?ppjr pointed out that 1 III* miyst' j-irirlili i- field* in 
Uunvui art situate I Oji the eastern nuir^in nf it Inroad ejneUtie 
corntspoading approiiiisniely to tlie OJiiiuhtm-Ifr?iwaddy valby. 
Ho suggests that the hulk of the oihfanni&e tedtawb were de 
pourtotl in a dindlow marifio imriiroroonl, and than most of the oil 
of the BiinOa OilflfiMa has migrated ittto thtni from the MxUinetita 
of this Jong nml broad jiynoim*. 


LOWEE MIOCENE 

Distribution — Unlike the Oligiwne. Lbr M&oeno eyitein jh very 
fully developed in India, Innng found in ail the Tertiary area* of 
t ho extra- Pah Lius ulu* It is ecmvetiieni to dml separately with the 
Lower litacttuo, lOiux* in t-evera I atma thi# pnwwiite u notably 
dUTm-ni di v.-lnjumuil fmm the upJM purtiouft of the areterm. 
In 8lnd i ill- L-wr Miiwa*tm ruote iftAkidu I he 1>prr Xftris itnd 
rtUo 11n- Ijuj -f»V> : ill the PrttvuLr uud Kflshmir 1 he\ coiwwt of 
i ittf Mumt wriM In thu Simiu nimnlayaa the term ^imeir was 
fijijjJii vi rn h group ruuging fitwn Bot»ne to Mfaorm* hut t}ii,s tern] 
j& tnminv^sikknt a# it doea not topTMit 11 imiurol unit tim Oiigo- 
Hinn being silkHL-nt. OcttwqiWitiy tin 1 term Sirmur vy*i*m ia now 
^litom n^J 'Hit- upjx r jNirt of till* group uf emIu mclmiua two 
n rird- . whirl* twirwig to the lower Miocene. 

In Assam the Raiuil w.rii^ is unwidbrmtbljr over km by 1 ho ^Mmta 
^riV 4 which ii uf Lowief Mkioenu age* In Burma the t pp** Ptgpt 

art- Hill tv thry contain » petrol ifefOQi k>mnn ntul ufr 

very fr^^ilifcruiifth 
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Gaj Scries—Thv I "!*!*»■t \ nvi* iiiir mrtrlairi ^si J i np^nrcit. wm 
formily hv lilui fhij wrirs llii^ OHurints iif riidity fffc^ilifrraii* shirk- 



bn>wn coral limratuiw. with af infra, dhtiiiguislittl fmiu Lhe under- 
fyjng Kftrie In ih> of *Vitmta rifi'ft*. 11m higher beds* arc- 

mi ami olive .shafts which arc suim-Limra llicsr in turn 
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jjW up into ft *ori"s of clays and saudafcOlW-* wWv ohumatcT^ 
deposition in an eatttary or tho broad mouth of n river 
Tills ebows* a regression of the? sea"border and its replacement bj 
t.lip wvU* lu^in nf an ejtlmij, Fosail® nrc very numerous in fhn 
manic Mtniiri, representing eVO f y kind of life inha biting tho sea. 
The commonly occurring ferns> arc Oxtmi (upp, O. miiilirmbiUt 
fi iid (J . intimtinjinnUi) r Tf {linn . Ht r -> u > , H regain , Krhi ft rxl i sctM * 
( 'hfpfi i-ili r, A.VAt noift tu pa *. ’A - .■ f rA iu u.i /■/ *//*j for# , /,rpiiiocycJian 
and (hhitflidi *, Tho species tMfm Jntiatnfutpntn Ln highly char* 
ficterifftie of the f!aj hon^on 1 it being mnt nith nlw in the puruhrl 
group of deposits within the upper part cpI the IVgu of 

Burma- ft is evident from the estuarine pigsage-beds that I he 
Upper Gaj wh a the time for Tho expiry of the marine period in Sind 
and the heginning of u continental jxTiod Un the land which 
v [isi ■ i gi■< 1 from the r*.-u u ■-y >Urnt of oonI in p ni- 1 1 clef* ■ ^rt h 1 icgatt t o hr 
formed, which cutmi noted in an alluvial formation grcui thick¬ 
ness and extent onrfndric relJcp of the tcn^triiiJ life nf the time. 

b the only Innd-mftrmtml whose remaittH have been 
hitherto obtain inf from thn Upper (hij bed* 

Bugti betls in the Hugli bib- 1 hr- ftugti country m Knat 
Balucldstan. ihe flttviatile condition^ hail ratnhlhdmri thomsplve* 
nt an earlier dnte p tho murine deposit* in that country erring 
be£o E fi t ho end of the- N ari e poo h - Tho overlying atm f-a H i\e* f pp- r 
Nari iiiLfl tho lower part of tho air ftnviatilo -nndstone,* 
containing a [mRiifkabJo fauna of vcrtehmtc3 + oJ‘ Ujtper Oligoccrtfr 
or Lcwcu‘ Pliocene aflruitfoa, The biding fo^ib otv tho marnmnlN 
A w//( rw-fAht r i ri m , ('odn torfh * ri am . & \ re / aih * n *im . /^i /mft itht t * a m 
jn rhimxvrwUd T rme nf the Inrgi^t (and-TiiaminaJs), 
refroc*T'M imd Tdtmtfdtm, together with n few frah-water mol- 
liiiica, unioiig which arc a number of specie* of Qjtftfc These bode 
are known iis tlte WwfjFfV 

Bait-Bange, Potwar^ Jammu Hills 

The Pot war trough—Ono of the most perfect lioYolcrpinimtH mid 
^vpne urns nf tho who Jo Tertiary sequence m Indbi m ohi^crvcd in 
tfiti gooayucliiiftl ttnirgli of the Potwar, a plateau lying between 
ihts Satt-Hangp mid the fixu-hills uf the JMV* J'unjab. In t\m 
aim, with the exoflfitfijn of the Uligocone hrmk. contmuoua snli- 
mnntatlcm t<Kik plane fnsm thu ttoflikcl -rn^ - onwards to late 
lleifitoooiK!'. resulting in ctopnsil ^ii h tMN> Itvt thick, in which tusvds 
belonging to ninst nf the Tertiary nine-division- nre recognised. 
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On a floor c^onniituted mainly of Mtoozok rock* limn.* oOtttir about 
1000 if tto NatJinniIIltrs, overlain by SHOO feet tot Idio forru- 
ginuLJp bra* kfcli iVHJfir h^dimfliits of A<ju It JUiian ami Bunli^dim 
agr. the Jfurm* #GnV 4, auaocotiod by ovur 10,000 fret of the JIuTirt- 
(ilt nttd sub-aerial Smidik strata, At thr top, the L T p|*?r SiwuUk* 
I mu* tranftiticjiially into Ito OJeii’f ami Newrr Pioktoetw alluvia, 
bwsri k gravid*, rto. The rock ^'i picnic in the Fotwar bud n-fold 
tpiUiiui^ (to T |fc r tinry pology df Xortlmm India, This syntiliuc 
in 70 inilea broad and I W milt* in length along Ii> fiMfci' p tapering 
out tia*t of th* Jimluiii into tin? SiuuJJk Fonthill^ anne. The Pot* 
wnr laming th^ smaller rri mi (leal ion Ofitla* Indn-fhirigatip trough, 
the other pniiibirBird and Wger bnmoh being Llm Rnjpiiiurm 
trough. 

The "OuUipm edgt: *J tk*- Pulwar basin L* ihr grml -uarp rtf Uip 
Sail Rangy a disrupted iiKuiopJtuo; wMk- ibt Hurt ton; 

rim h tb.o isrjti'UfUkiiv folded Kola I 'hittu range al tin? tomth border 
uf Hazara (Fig, 

Thu Fotwur trough fonna almost the north* attriarti extremity 
of lJ i,o much wider and huger InilO'Chuigetie syntdinorium, nlw> 
filled, up by Tertiary mid TWtixirv depoaftK, of aliudi thr 
Potwat nmy be regarded as u anmlltHuk replica.* 

Murrte Series -In the ea^tau end of the SaJt-Iinrige, in t If 
Fotwor, and in (lie kilb fringing the Jammu mid Kashmir Hima¬ 
laya. tlit- various mfjmbena of the Kocem* an* uvcrlnfu by niter- 
Ei a Ling sandstones and shales. Ike Hume euru^, very van it bln in 
tbiekto^, but exceeding SGOu fust uk-ro fully developed. At thr 
base uf (Jilt series there is often A wejfniarfced cungl&BttirUtk bed 
With huxic fragments nnJ derived uunumjlib-, For some time 
the age of these bed- w.is munrtoin. Tto tuiiumotitf* art 1 uf 
Kwane age (mainly Kirtluir) and tto tit her organic CttifudtLi of 
Miocene (Cujl ago. It was tliarafcire thought that thu horizon 
n>pre denied! u jui.^iLge from the Eocene through the Ofigoceuv in 
the Mioeuno, VVhon it was recogntod that tho ftlimmulitca wtTe 
ail derived by ortminii of tlio miderJylug Enoone rise ihffi- 

ouJty lHhj l j 1 1 «t iift’d and tl tv baaaJ Mum? t^mk t.lwir Mirect plavt? 
In file? Muow^don, 

rati'hjang zone A few palm ond leaf jtuptP 4 dana 

and Bflloifivd wood runudPK, with rcry nm* inavnnmlEaii bnmn. flub 
nml frngu r eirt' nil fbfladk hiiliurto ti)iPi i i’Verl in t)m main 1 km ty uf 

* J/efJlVf*, fJ.Sj, VliL 1L III, *. JSJ’S, fjbw*. JlHAT. W. .tflrt- lfrf >V, Ji\Jr 
V.J. It. No. 3, 1931. 
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the \( i Hr Iih-. i p , Imui vM-i , «■ eiH s llid feel Mi iw^ifi'inua 

mmfaHmr uni I f^pi-inloxin-rai^.*eir the KAiehjAiig annp-*>n- 

Timing Anthtncotherittm,. TrUor* ra* and /JmtrAt/wfaw. which indi- 
eat* do*t uftiiiiLies with tht Biigti Ihh.Ii* fa mm 
Tht' Miirrw outcrop L* fiver 2fi fnllfc wide whur it ettwfra* ttw 
Jheliun* but it thitu e*af wunb rapidly. nnd wlietw it iotwatfels ttw 
valley of the Rftvi if i* only ft-4 mlkv* naiw^ Ai f hU point H 
morgv* into t.ht? J >ag-lnH *erie» i *F nhc Simla regioiip Qis dtholepcal 
grounds the ^riir» is divisible min J^owitr aiu! Upper -dog** of 
variable tlmktittw; 

T Soft, brown wad huff. coarse aanditonMi wBb Inner 
T1 mm rfgrey colour, 

pper urre« purp | >■■ 4mlo* nnd nodular day*. 

. Kumvrtmti M* and leaf bitjrtnfcitutt*. 

Indurated, dwp rtilmjnxl, nf tiling inky purple mu! 
mi tuLfafbtrine^ genera JJy flaggy. 

Sjilintnrj"! purple ^hii !i tNiJ ifccp rrd Havr* f with 
Lower Mmree tibuniJance of vein mdcttm 

Xum^mui himth of jwmnji*.eoiigImm- n. \.rz. 

[ T rifn.otillFfirri.ttM except al bv&&. wh en ■ ti few hods are 
OfitfuFeroup. Derived NummulAw 

Structurally ami in their lickl relnMou* the Upper Murnw 
pTOKtmt aspects nf Siu nlflc type—opc;; + broad fold* weathered into 
strike-r if JgtH nnd vatfeyn with a Riicw^ioN of fiafitTpttSt-nU anti 
djp-alcrpefl, while t(j« (iw Vluiroee tfhrtw it far greater wnoifiit of 
oompreftiian. fracture nml dislocation. I wing pHcatwl in n *rriw 
of tight isocline* ami oveifohfa with fep-iitad l-otis.! fa til ting. 
They wpflthpr in this fashion ntfulifer rock* whfab are cleaved and 
Jointed, And in which rise aligiiiiUDiit of the ^pim and ridge* 
Ini* no okrBt fidntiom i»* I hi 1 prrvuJmii atriiie or 11 grain of »he 
enuntry- 

The range of ogr presented by tljn Munc^ scries is «1iHi£mEt h» 
determine hut it is cfe ir ih.it they urn in the mu hi Lower Mion nr 
ir is not impn^ihie tlmt tin lowest 1ird» range down inhp tlio 
OUgDOonc. Then> is m* sheqi iifururd Until tu (Ji^ wrh'-, t-he 
pm^ago Int^ the m-orlying fuunliaj wtrige fating qtdte ^radunt. 

The Murreo Aorif^ ha^ n v^ry rffllvriot^! derdopioent in the 
Salt*fUnge* iieing nliaohr from tho gn?at«T |hurt of the mm%. The 
gup between the Jikwne and ihr- overlying bed* i* tliuii greater 
tlion further north. In the western purl of tim Salt-Rongc the 
Eocene is fuISnwod hy Komlial beds, hut in tho tmrm-liulaii urai 
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further Mie^.Jugln-r Kiu rdiL horizi -n upon die 

Eocursi 1 . 

Jr uppetUt* probable Hint uidik* the NiwuJik*. which im- ilcriynd 
wholly irum Ifao iliniudaliim of shi* Hiirmhn+m gnmifcrs and other 
rock*, tin? HtiImu- originated From i• Lh whnM aodrce 

an* the iron-bearing Riruna forma Ilona of the IVjijjumhiL high¬ 
lands to thr- bOUtii. 

in .liLomiu the inner limit of the Munw group to a gfwt thrwd- 
£uult u Ucm it illitit'; upon tiu- older rooh> of flip Panjnl rang* a 
4 fni.tdumI Il-hIuec which, nlreadj fefmvd tv. is jml repi.'U^ 
at its outer limit, the juiictum of tin Vitim*** with the outlying 
Siwolik group. 

Petroleum -La the Potw.if. the Muxree iu occasionally 

ajwodated with petroleum and has* yjelrliM n production of 
about 120 million gidluam ofoiJ at Kliriiii It i- bolinrod that tilt? 
01J has mi^.iU'd into tlie Murrw satin* from ihn undrriving 
Eocene. 

Outer Himalayas 

Dagshai md Ffiuairtl Series Tito broad miterop of this Muriw 
aerie* in i lie Jaukiui! Iiilbj funning 11 prominent I ■ I 1 1 ■ £8 fnllttti 
’with from t Ij.ilUMio Uiu Cjiejmb, iuutow* toward* \hv <ui -it and 
merge-> jnl.t- the typical Dagtlntf-Kaaauh bund of thv Simla an -a u 
ninm^lion between tkn two being 4 h< > > im !>!• m filin' plnni-hcar* 
ing Fn-tih in the valley ol the HrtvJ, 'll 10 Dagglei bedai ovnrJto die 
iSubiitlnifi without any marked dWonJntioc, but then 1 is neverlha- 
iosa a Urge break, tin 1 whuju of the Oljgnctrnti I icing absent, The 
lower purl of the Tlag^liai tiodea is made uji of bright mi nodular 
clay; the upper is u thickly stratified p fino-grainpel, hand flu mistime 
which pn& up, u-iili u j^rfeH transition, into the overlying 
Kasaulj group of satuLdonus. which rot are the tfhicfoiniponotiis 
til iJin Ka-aidi ira -Vo Ib^Ik iro objured in the Dugnbai 
group except .fravod mark* and worm u 1-L.-. fo^-iln wlijnh on- ul 
no Uf® for duteEmlnhif olUier tht of t In- dep^^it or ii.^ rumfe of 
llu> Kaam iJJ group al^ Inw 8 yields] ihi exi^pt a 

b-w todutrd [diuai roirirnrL- ami *1 ( numiA Tlit? only t.mot-4 of 
life visible in I big thick jmniLitmimui pik nf grci vr duihgiwu 
eoloamiccuLmi.-. sofl ^uictotcuieA 41^ A-*fn<- impremiom of tlw Uj*y^ 
of ike \)idm Sukil wioyof, Tlio^ are of imporfam^ W?uau^ they 
t-rmhlo tho Ko^uJi htirtomi to Im> n LOguiMed further northern in 
the Jammu iiilifl r 
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Assam 

Suniui Scries Hill umil iii^ihuho ol Amanu bo lunging id ltie 
BntdiJl Audi** flntcribrid in Lhe Ian! chapter, un? uneunfbriaably 
averMn by iIil- titinwi snite. equivalent lo the Upper Nari and 
Oft} beds of SirttL Tbr Surma series lm* n wide eixtoivl in The 
XtiLgu IiUR North Uiitfhar Mils, and Bumm vafky of A^nm, find 
itrU-nds laotithwofde through Clrittagung to tJiff Amknn eormt nf 
Burma- It ia composed uf stuicbtoiicft And annily fihi\1etj, mud- 
stutira hi irI tEiin ooTij^loitiefjtte#, gcmendly freer from carbon uowhb 
content- In the Boro hills 11 small mngn of bed® in the Burma 
series bus yielded a Lugo number of miXrnle fn&db, find Another 
ib^ilifi.irnns bi>d Tia>t been described from n slightly lower horsKon 
In iho Sunn a valley. Both faunas belong to the Lou a Miocene; 
otherwiiio the series i* reimirkabh unfaadlifrrouBp IneGcntionsfif 
jHiLroleuin are common in \ hv Sunuci series in seTcrai h^ alities- 

BurmA 

Upper Pegu Series— 1 l‘h r Upper Pegu rpoki of -Lower Mi nun in 
Agi? for m im importonr jwirt of The Burma Tertiary lidjueutfe. Ah 
mentioned un pugi s U^-A there tb u break at. the top uf the OILgu 
eeiie, ninl theft 1 is film a *trcm& uoeonformity between t lie Pegu* 
mid the overlying Irrawaddy series. VmmqmtitiS ^ l! l-hicimesiB 
of the Upper Pegu* b very variLiblr, IVlTDlmlni i* found in the 
.VlioctiOB beds? Imt thaw nm hardly as itnpitrlant si of ihtw 

mineral u> the Oljgoeone. The a bum In nr fogsili of tlte L pj^r 
Pcgufl enable the tige of the? grentiT purl of ll» gnmp (■> hi* 
dclinitely identified .i- L over .Miorene : il i* hnHT^ er pmliJililt 1 1 bul 
T.he uppermost Pegu H*ds ere of Middle Mir#^ue age, 1 hr Upper 
tfague. like the Lower iVgns, show evidence of piaitig northward# 
into rocks dqfrittitftrf in mon? ehnilow a n ter conditions. 1 h* 
extent of the imc*mfonnlty between the Pegua wild Irrawtuldh*^ 
van ob cojiflidem bfy m ihfFerent and it hi- hvvAi 

r fiat in some p^rtn of TJumin thei^ m very little break l>elween the 
two seU of beds. 

Time on s action during lii e Oligocene and Lownr Miocviie 

r flie Middle Tertiary u a* the s^ricwl for anotlirr M-rjui uf igrte^ui; 

■ nu hum a lit many parts of extra Peuinmiliir India, The igneous 
action wii* time muinJv of the inlnmlve ur |dutpnla phuMv 
Uitfartumtdy It diilcruli to fb tbs y&zdMe age uf ihrjte mtru- 
-ioii-i. The early Eucfrtw meks were pitted by large intnnuvy 
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of granite, syenite, diorito. gabhm, nte. In th-- Himalayas, 
hi Bahiuliistan and jji Huruiii the rtmorrf* of this hypugtmn notion 
are immiirou* and of n varied nature. Intrusion* of granite took 
Blare jiloiifr the ventral Core of the Himalaya*, Jji Bdudnsluri 
tljio pluUjniO action took iho form of baihytitM of granite. migito- 
syonite, dloribv. porphjiit**, etc,, wfult) in UpjK?r Burma and in 
thu Anikuti Vomit it exhibited itaeJf in peridot i tie intruakni# 
piercing I branch the Ewcm- and possibly Olignmne slmtu. Ifr 
llin Mvrtkvimi district of Upper Hnrni:i a basaltic tuff npjionra to 
lie intorfjodded with the Turnin'} 1 racks, which are mainly of 
EiHxuir or Oligtwcne flge. 

In all the above Ti-riinrv provinren uf Judin l.hul «i* have 
reviewed *o far. from .Sind t<> Burma, tl« transition From an 
earlier marine type of deposits to t*st miriito and flu via t lie deposit* 
of Inter ego mi lot have !*•!»» pcraoivtsl, The pnsug* from the 
nnotype of formation to the Other was not xiinnlfanreuMtl ail jiarts 
of the country, and murine- rend it inns may have pemsteri fn one 
part, long after .i tloviutile jilmse had CHtabtbdtMl itself in another; 
but towards the middl.- of the Miwcm period the change appears 
tn have hern complete and universal, and then' u?iw Anal retreat 
of the sea from the whole of north India. This change from the 
massive man no nimiituditic limestone of the Eocene age, con tain - 
ing ahundant foraininifrm. oural* and ei liinoidfl, r-. (hr Uuvialifo 
ttopo*ii.> .if the first sii'K-i Ksliiig h^l- crnwdfld with fossil wood and 
tiie bciiuH of dephant+i and Iwree*, drer and hippopotami, in one 
of the most striking physical revolutions in Ittdin ffa mnat now 
turn to tile great system of uppermost Tertiary fiver-dcpOfitA 
which evtaywhore over lies the Middle Miocene, enclosing in ita 
rock-bed* untold irlrw of the higher vertebrate and uiamitiulimi 
life of the time, comprising «11 the typos of the inwt specialised 
mam to n is except Man. 
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middle MIOCENE TO LOWER PLEISTOCENE 

General—'The newer Turt . . occur on .. hcoIi* in ! 

extra-Peninsula, forming the low nultwiflOt hi lb of thci Hln)«lay» 
nlonj; it^ whotelength from the Indus to (In' Brahmaputra, I iiojf 
rtTo known as the Jjiwulik system, b&caUae of their eo list il.u ring tin* 
Siwulik hills near Hiwlwar, when* they wore fir«t. known losriennc. 
anil froti) which were ohtmm-it the first palwirotnlogital lr&M«re» 
1 1n*.t have tnlute the system so famous ill all {ttrl> ol tlui world. 
Tin' same system of nudes, with much thr sanit' litliolnghjal and 
pulaecnilologiOid characters, is drvnlnp<*d in Baludiwtan, Siuil, 
Aisum. uii'i Kurnw. forming a Inrsc [irUJiurtiwi o! Uu- loot-hill 
mitres of these provinces, Local omtHa* Imvt Inwu given to the 
Hvck'in in the oxtra-Hinudaynn area*, r.jj. the Meferan system io 
Thduchistan. Mtuiohar system in Sind. tim Tip«m, Diupi i’da 11 till 
I hhing series in &uni, rind tbn Irrawaddy system in Hurmn. but 
then; is no doubt about the pamilelisni of nil these groups. 

The Siwalik deposits -The composition of ilte siwalik deposit* 
shuus that they ure nothing eisa? i him the nllurinl detritus derived 
f mm i ho smbncroil wn -to of the mountain*, twept down In their 
numerous rivOJht and streams and deposited nl tlieir foot. This 
process whs very' much like wliut the existing river-synteinit o| the 
Hirnidiiyrui are doing nt (ho present day on tlreir emerging to the 
pliiiris of this Punjab find Bengal. .An important diffi-niiiCis it thul 
tlm Former alluvial deposits now run king up the Sjwnlik system 
ham been involved in the Intent Himalayan system* of upheavals, 
1,V wilicb they have been ('dried iui«l elevated inti, their h liter im*L 
Lx* -hills, jili.hougb the oldest alluvium of many p.im of northern 
Tmiin -I I .oh to some extent to bridge the gup bet w-f <m I fa' ni*»i--Hl. 
^iujiliku j viiil the present alluvium, Tin* folding of the SiwiiHk 
ouiilment", hies iiiipurtvd to them high dips and some degree uf 
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i||ilunation, l^.h li of wtitoli are nf oounie nWnl fn«M the nt:ri*l 

altttvinl ■ lop wit* of 1.1 in pi.. rtf Indlifc- 

l,i iIh, J .».v«e iTtn»i|iei^tfit>il ami Anw t«» v)»*rh 1 hvy have m-*-a 
subjected in the moiuUain-bnildmfl; jirowsw*. sums nf the fold* 

A VP \ma inverted at ftvtntd, with the overturn in# -f the r»M- 
ilium" U* highly iitctitnfd positions* As n often lh'* with 
n-versed fold*. t in* middle limb of the fold {whidh hfl* W ^iifTnr the 
toWMin), having reached the limit, of im strength, parsed 
intn >1 hig hly mtillnod fmoturo or tbrwftplftn*, along wlin li tn*’ 
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Ov«ffM fcup^i* Ibwll 

n^-IniiM 1+1 ilJn*tl*s- liimu«U«fl ot wci"'! tniiil* h 
Niu nlik »» of ill* Oilier I|3n““T** 
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♦liartmtod tin Ft of tht> fold Luis slipp'd bodily omr &*rbug distance, 

that ihruMting the older prc-SiwolJk wb -»l .. . nmgr- or 

is. . over I 111’ younger reeks of the -miof rang* -- 

The geolrrtomc relations of the Siwalika -These n vt r^l mere 
thru Ml faiths are a oharaetaffcti c and highly ngniii(;iiilf«nLrar-- i>f 
Om outer Himalayas; muiiy of the reversed faidts of the Siwal'Jt 
* m i! Dim 1" truw'ii for enormous dwtimets Wherever i he *> w -‘“h 
Kuck* an- found m emit not with the oWff formations, tin* piano ■' 
junction « alwavs ■> reversed fault, with an apparent throw of 
many thousands of fc«* along *hiob tlm normal mdrr «i""I** 
position of Hie Mok'ttroupo i-= revered the yotinger -Nwaiifc M-d* 
o uting under the older Tmtkdesand dippmg tinder ibnu. to* 
plane iif oouiael is known as the Mum fnii/t. Hu 

limit is. u .i euiiMNin! feature of the i?trnoUire rd ih>- < '»t r 

[liuiiduviv, along their w hi >\o length frnin ■ he- Punjab to Assam, 

The Main Boumfety Fault— The Slain H ' ■>••._•- "«* l! “' 

only fat til, but is on* of a *>ritai uf more or&wparelh'l faults among 
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Tertiary fftmo of the imbu Himalu va*. nil **f whii'h ■-\hihit ihc 
filliiF' icctnnie ** well as at nd (graphic pF'Cllliiintii 1 *, ir. the Fault 
lifcj, taken plnoe along the middle SEmb of the fnld*? -viicl the lower 
ami older roek> are thrust nbnvo tho upper and younger, w. the 
iShmlifc under the Lower Tertjury, mid the Iji ttindcmiutih tins 
■i! ill older Strain of S he middle Himalaya*, 

The researchcH nf Mtddlcmiss and Medlicoit in Himalayan 
geology I «1 to the sn^gealion thru tV if- Alain Boundary lia not 
uf the muurc of a mere ordinary difilocatinti which limit# the 
boundary of tho preimnl dbitrlbutfon of lire SiwiiEiku, but gnsrifr 
the OffJ if o/ of these strata against the cliff or 

foot of rhe than existing mountains, beyond a lii oil they did no| 
extend, could never, in fart. extend. li won s uppercut that sub¬ 
sequently this limit Imd betm further cinphusis^l hy some amount 
of faulting. The other faults were considered to of the oame 
11si111re. and to Lndicale the suewssira Ilmite nf the deposition of 
newer formations to the south of h and against, the advancing foot 
oF the Himalayas dunrig the various stage* of their deration* 
This view of the luihm 1 of the Main Boundary will he made 
clearer by imagining that if the rooks of the Indn-Gangetir allu¬ 
vium, at present lying against the ^Iwulik foot+hillfl. w^n> to be 
involved and elevated in a Fn.rl.hor, future pirns*? of Hiina^TWi up¬ 
heaval. they would exhibit much the sumo relation-^ to i SiwoUk 
strata n& the latter do to tho older Tertiary at these in turn do to 
the still aider system- of the middle Himalayas. According U? 
this view those reversed Fautfo worn 11 not contemporaneous but 
sh occasional Bi * each having been jiriwlumi at the end nl the prrind 
during which licds Lmiuediakely to the aouth of it Vfete being 
dojiosited. "ITin hypothesis wi ^ boned on fchfl supposition that no¬ 
where do the ^iwalikg uvirmtop the Main Boundary Fault* or 
extend as outliers beyond it, except very locally. It was held that 
if the faults had been ixi the main later than tie deposition of tho 
Ijed*. i hem would have been mnny outliers to the north, Such 
outliers have, however, been found in a feu cases and the faults, 
whic h arv found to be of tho nature of overtlifusU, have t>een 
proved to be of later date than the deposition of the SiwaUto nml 
even Hiihsemient to their plication. 

Again, this interpretation, though it was apparently acceptable 
fur some tract* of the western Him a lay an foot-hill*, is not uppli* 
cable to the Himalayas as a whole or to the similar Jbot-biUs on 
the eouih cost of the Bmhmapoti-a valley. Here the faults, which 


THE 81WALIK BY3TRM 


nso 

won? al first. r«g#rdfti a* " hmindjiry fimiis” m the dense of 
Medlicoti and Middhuniaa, have lunin abOWtt by mapping (and in 
Home eiwes by drilling) to be thrurt-ploin'9 of moderate inclination 
along whit-h older Usk* have bc*5n moral many nail's across tiiudi 
ynnngiw b«]« Futilreratote. in *omo eases-, tlm melts supposed 
to bo branded by the fan Ira have bean found to have extensive 
outcropfi beyond tJie MUjt|XKwd Iwundaary fault. An example <>f 
this is provided by the Diruuig fault of Assam whjdt w as thought 
lo u» the boundary fault limiting the iltiruil oofll-meamimj: large- 
outcrops of Banut rodi* with coal-soanw mo now known beyond 
the fault. It is IlOW *ptito certain that the evident)*) favouring the 
innirpratation put. forward by those dMinguiahwl gtwlugkta is 
. ap,ih!r of another interpretation. The mapping of a number of 



flu IT.—14-JO to iDuni.rntf’ t!» r*!utitftu -I iht» HnnnlJtv* to 

t(i E i ohirf nT-k- K.f th* rm-l Tiimul*** [ftuminto Hjumnlhv*]. 

i,S. Lmrtir «iwidjfc r,v„ l^r* 

M*&\ MiAMi- Sfrvltk N * H Jlhr *»■* 

(After t\ & Slkldli.minu . 1 

these overt brnst fnuJit: he* DM? d&moiurtwtwl Unit r ^'\v uuiy h' ni 
throw* of many tbcnisfuidr of feet, anti roni^qiMmtJfcy in nv^rthrimt 
Areas the program of ifcmiAition will have ivmoved greut thinlt- 
uwartu of hudM from th® upthrow sidi' of ft huU : a nr! it h evident 
that this, together with our ftill imperfect knowledge «f M« 
Tertlariw of the ttlmoJayas. should also he taken into account m 
QTj ^ihhof the apparent restriction of the Siwiulka to n limited 
zenw. 

The palaeontological interest of the Siwolifc system— 1 The mo*t 
notable dmmei^r of the Siwohk system oftlopodbs, and that which 
Inns invest'd it with th* highest hiologpMl interest, ia the rieti 
CpUwtfon of pelrifuNl mriutfo* of uninuih of the ywimtunU* anb- 
kiagdnm whi-rfi it <mdo*se w animal* not fur distant m ajjc from our 
iiwis OOiuwjtHmily, nrccitSiim ^ the now* uni 

newpl+nf doctrine nf the tmiin^hule Mncwtors of mnt=l 

of oiir trtodeni ^jn a ele« of Imiil raammtilfi* flic^e wnobmt *nJJiud» 
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i|vp'4 in ibis jtmglcy and yunmpe v&faih 
dotted tin? outer dopes of tko mowit&ins, 
T! ii■ to i m fhi m Me of thdr n? UuHte* the Lii rd 
{NirlA of thdrdmltdortfi, teeth, jf*™, Stalls, 
h ^ , wait) pmnihwd from diwy by bnlng 
4 ur-pL duuii in thr Mlrcum* descending 
from the metmtairub mid eutonited in 
m |lid ly n « :n urn11 bit is m*l i i non ts Tjio 

fmma tbiw prvuervMl rtedrawn the givat 
YHvdtb of ihi i SirmiiiiyMi zoological pro¬ 
vince of ihtkm days. eompawl m> widdi 
ill world tcNikn qtdk Unpnvsr 
idled, Many of the genera dkdow- a 
wealth of apediu. now wpraented by 
it third of that i mm ter, the re*t 
haling tawme cstfnct, 5fo other mam- 
rimli^ji mee hiiN jnffcrrd *udh wiiulwMli' 

ilhli t **TH t If 1 JlH U - 1 h I’ fVl! K Ml ■ If loft II- <>' r 

the nearly thirty tpcttira oftlephintg and 
efeplianidike umtonri:^ tlint peopled tin 
Hiwnlik province of Inrlin^ nod won* in- 
djgttnoim t-i K, only one i* found living 
to-day, Tbi- flr*t di covered reimnn wrfv 
obtained from the Siw alik hilJn near Hard 
nur in 1M0 P and I hr- grrofc intend which 
tliry aToUAotl i? evidrnl from the following 
(HPpnkt desmptfnn by Dr, Mtml d I: 
“ Wbisfliwcr gnllW nr fl&gnmt eirpow tln- 
-ertrnn of the bed* it bo m In mm n f fm 
sit bone:) appear, lignite ami trunk* of 
diwtylndannna tree* nemir, a few la ml 
find fn^h-wratpi” shplkt of rxialintf tptete* 
ll rr tin': mi tv Vi-sTige* of ID nltuifr'ji T JlH 1 
have l^?rTi rthmirvofl. {tcmAim of 
npode* nf rivir fish have been obtained 
ITm mimifw pif elephant* an d of tntt*- 
todoritiifd animals Otjmpm perfect 
npt^imrTiiH of skidl* and jaws nf gi- 
£1111111' hi^v. Tte i li^kj-i of onp tflnili- 
pte imi n feel H m (pngth nntl 

-7 in.fl ip in drvLOTlfri™w nt thr 
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bnfle , 1 Ttui* collection is invested with the highest interest not 
only on account of the rnimber and Vttdoty of tin- apw-finra*#* hut 
alao from the extraordinary lUarmhlitgu of the unhurt!* whii’Ji it 

prest-nt* In tin' sah-Hhnilaya# we have aitnwlied in tin- -.* 

i mik’. BfrpdloJife hfri": rpf the tn> ■ 1 iihrii'iii I'JtfJnc! ■ <t 

llitunliliiliu with fpmiss and gSJHWn whlth still inlwhit India; 
UfoifriiQtttft, ftynt W nirm, Dintfthr rirti llltt-’t rulotl'. de|ihflllt(l, gitltfff!’, 
hippopotami, HiinoCCnJtees* I mm 1 ”*. ruitn'lii, Mlleli>{«’*, moutow, 
atruthimis buds and ctucwIiImii nod uhalodiftn ireplilea, Amoity 
tfmso mammalian rolfo nf Ihi' put 1 wtu tin; skulls and Imuus- of an 
uni mat named A’rnlAmW > that rnjiim • a par-sin*' notice,. TW» 
ciculuro forma, us it were. * link between the rtimiuuufs and the 
lurfic jwichviU-rnirt, It was larger llum it rhiniMxw, IwmI four 

liorna, and was fernwlir-d with » j».*£\ thus I’umUpIng Urn 

hecnia of ft rumineuit with tJicdundtiB "f a pacin'derm. Amnrm 
the reptilian remnina arc wktill?: ami Ikiiiw of it tfiyanlie iwotlili' 
and of a land turtle which rattuml In- duiUnj'tiirilied from those of 
i>|ieejus now living in India• But the most estraorflinary discovery 
ia that of horn’s «md portion* of earn paw of a tortoise of 
gigantic dimensinoe, having a iciti’tli nearly -0 feet, it hit? aptly 
Ijih 3 m named the f-otowoctmljf* Athut*" 

Sapid evolution erf Siwalik fating -Mu r tlir lii*l \ ^ gtimpu*'* 
*'i I lie nmitttmiJirin fauna uf tln L Ttirtlwy fat ihv Ku^ti Ir’iIb ami 
atllm in tNarim Marirf. thin mtbhm biiMim; on thr uttl 

a varied pcifiubtT.um of faerbivHrr*, ^atmvnrr* Hid Fwh'Uli* and ui 
primate tho higher order of ibr mmmak, m»M U* n -lull, il its 
„ mart romarfeabb in*t<mw of rapid « volution at * V iyiv*. H^y 
factory must have htdped in thm riewtupUtCJlt and dilfciwitl&tion 
of this f&uxui; omeuig thaw favourable ocmditliuu the iihundum^ 
of food-flUpply by a rich Mgrtaptnuou* TcgeUtnm, whirh Ikuir 
iriiud in uneomiaipn pn>fn-cci ami ib- 1 1 ’ ■■■' "■ 1 ,h fffuitohlo phyiri- 
ini\ environ moll tfl* under i gen id L'limritfl, in *► burl u .lU-tvrf by 
in any rivers rind kduv, moot have- Wvu Urn ma«\ prominiwik 

TMg ffiisgnifioont JwwmbJage uf iiniiiinyilr , houi vi-r, wa*m>i 

iruly of imlip^nona ImUan origin: h in ecrUm i hftt it 

\nr]zv ao-HHPi(JHH by migration of bvid* of Un? bir^i r qiinplni|jethf 

from Aaah ccfttrm Kgypt v Arabia * Anh roiti oven from 


* Thli li.Li iKbin IHH1 ri ^W"N i» \uU* tmUt m- ^ 

ley lb* *iU-f m lit?’ Vw» r Hiwrijik li#1* n«w . ... wlu rh Mm 

tSUir nf Htiywhw anJ** fiuiMfc JJI^i uw}^ 

uiPfrtw TJii h VM*k rrain <i|i In ^ 10 " * ^ - ,ttf> 1,111 ‘ 

f^i|. hKV OlT tTTKTTjml »MJli IrtSlrt^t II tlU!n 111'IT Hislll'- 
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< In flint North Amei-irn by *rf th« hmd4.ridgo mx >* Aliistu. 
gibcri* ftiul Monjrolin, Awxnding to Pilgrim 1 o«r hippn|»tWniiB. 
nicH and pttdiOftddeuuH hod thAr early ttrimn in L ■ niml Africa, 
from whore thfty nwlint*! ™t niid *nU-r«3 India during the 1*U< 
Tertiary, tlirough Arabia and trail; while? the rhiiu>e£rcw+ 
cAEcril and the group of fh-hnateai probably *dl originating in 
E«rth Amtmm, had w their evi-lminnsuy miin» vnrtons inter- 
mediate 00 untried in Central and Western Asia* and ware migrant* 
0 India through namv passes on the north-west or northeast of 
tht? riumg Himalayan barrier. 

Ttw dophant, like the horse, hit* I wen a world traveller and in- 
s&idH of the two solitary spMaV* inlmhitaiing Italia and friutli 
Africa nr tho present day, it- Had in iMr^ 1 ert fury tinier spread to 
and pec pled almost every country of the world except Australia, 

Among the Lower Siwidik ttuiiJirnuL Mien- are forma, like the 
tfiwtheriufn which oiler ill ustra time* of what are Gulled tynth*:tk> 
types (gmieraiii*ed nr Ilvvh dLAV- fcIj t inl type*), tV- the early pritniu*c 
animals that combined in them the ehu ranters of several distinct 
genera which sprang outof them in tho pitHttasof fun In-rev ulntlmL 
They were thus the no mm cm ancestral forme nf a number <u Uieao 
inter species which in the program of thou diverged mure and more 
from the ]tfirent type. 

lithology—The Sfarattk system i* a great- thickikeMi nf dctrftal 
rooks ^ such as txuireely*’bedded ^aiulstotuM., aaftd-roafc, clays and 
oGaiglomflifttfle, ineiasuriitgbetween 15*000and 11*000 feet Inthick- 
m**. The bulk gf tho Ebtmattori, m akviidy ^ruu d. in very cWdy 
similar to the materials instituting the muclern nllmb of riv-us, 
except that the former is somewhat (MpMtcdf has undergone 
lidding and faulting movem^ntr, olid ia now resting tii higher 
level*’with Ugh angles of -lip. Although tm ill brink* exist here 
<sj)ti ihcro, The whole thickness in one ^uiiicHCd and enmplcLe 
sequence of deposits, from the beginning of the Middle MJixeszh* to 
the dose of the Siwulifc epoch (Lower PJeisttHM?ne}- Tile lower 
part, os it rule, oonskts of fin^gidncKl mfcatnrtiii» sandstonea* more 
at Jess coiiHoliffated, with mterboddtwi abates of rixl and purple 
colours: silinified mono- am! dksotyfcrlaiiuiis wood and oftw whfilc 
tree-trunkn me must nhuudant throughout tin- Sin-ulik sttOcIiton^i 
and fcntfdmpresHic™ in the dinted The upper part is more 
argillaflTOOS* formed of soft. tliteM-cddcd fibt>> r capjied at pU&*. 
cHpeciiilh ihtm' an the debMichurcs of the d Idef fit tin*, by fut 
* IJ^A Amlrm i Cki^rw. ItiSii, 
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evtnuiniv lout-.' brmldtst oon-dniiHimlit, oonsillmg of large runnd- 
i-d In iti l< !n * of dli<'<"ii» n *.-kn 

Tin liUtuIuyy of U» Mi«JilikN aiiggnais I heir origin; they are 
chiefly the wa lor-worn ih'hria of tin,' granitic core of the control 
Himalaya. deposited in tbo long awl brood valloy of the " 5>iwdik ’ 
rivor (j». 55), The tipper course Douglomorutos uro the alluvial 
fans ur tfdoft*aone* at the emergence of the mountain Hirenm*; the 
great thiefconss of eluys and gaud* represents the sill* and finer 
■nil i men Is of the rivore bid down in Bood-plains; while it is prn' 
bftliln tluil the lower, t.'Jit Kuailial: 1 km Is were formed in the lagoons 
ur estuaries of llm isolated eeA-burinst thal were left hy the ib- 
treating #» as it was driven back by the poet-Murrec upheavals. 
Three lagoons and nstuories gradually freshened nnil gave rise to 
tlnvktiln mid then to siibuefiiil (onilitioiw of deposition, 

♦Hie composition as well as the cimrectere of tin* Siw&lik strata 
every wliete hoar i-vidmti. 1 of their very rapid deposition by the 
rejuvenated Himalayan rivon*. which entered on a renewed phiu*> 
of activity cNiinS 1 pient on the uplift of the mountains.. There is 
vsrv little Utnination to bo teen in the liner deposits; the strati - 
ficutUm of tiiu (lounivr sodinintib is also very rude; the great thick - 
npim of e-UvB nrnl ~md« represents t ho silts anil fitter s-edimeuta of 
the rivers laid down in Hood-plains; while current bedding is 
miivemallv present. There is again tittle or no sorting of grams 
in the wndstOFiM. which nn compound of unassorted sandy de¬ 
tritus derived from the Himalayan gneiss. in which many of it* 
constituent Minerals can bo recognised, t-g, quartz, felspar, mieafl, 
linnihlciide, tourmaline, magnetite, o pi dole, gurnet, rutile, r.iroan, 
ilmcniU', ate, 

[Under the direction of 1 J , Evans a great dial of dr (ailed enanifonLifiii 
ofbwivv nuiHiiut ftinsiitarnti (if the IfpjKT tertiary mlisu'»tH uf India 
lias been carried out. The nsHilts of several thousand anslywa hwo 
nfhirdi'd useful dam regurtliiv die distribution uf homliltfnd*, epidete. 
kyrtiritH , •taiiretite, etc’, which are likely to lm of value for rorrekiticm 

piirpwg ... idmiijh mwb us fi-st! - or urntigmptair proofs* are 

not uvAiliibk*.] 

The idea nf the older gedqgiste that the mb* 1ft Siwafik system of 
rock:- were deposits of the nature of alluvial fnd>. talus filopt #, etc., 
H! tin- del touch urea of tho Himalayan rivers very much along the 
silt." of l heir present-day cJuitiiu'l^. does not appear i" be i enable 
t»n i he jiFiimd of The rcTii irkablc hotnogi m*ity I hat the dv pipits 
Xnt only do they show -nr the whole uniform it)' of lithe- 
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|«_l ... .t -w* ..H-ntwr. Siigl. 

... ....I"' ... Imt iilao »j>M» w » rtnl thu 

..I.. i■' * r ■■ .. . “ . ?’,L , 

„ r Xhix ...■p.tiv.- »ny IW> ..I II.'- of tW 

mrkuki ft multitude <rf iiisjiau*i hn^iriK 

The p rim In- nu lifT Himnluyne, uocmp^M ^ 

om.chLnt of th,* nn.unt iifl*fOQl ,-niuUin]y the 

(imngdqrrt^km to thettiith. twAM. ut this »i*m r.haa- 

nisL, bJ* purfieil A" n P® f * P™" 0 ***' e °“ 

periodic uprise .if lb* mniinUiu* mjuveuntM 
Btrf-unw from tfc* north wbik Utfl ihuirwge from the south 
■mfcehled and «> iHut in the buil ^« ^"Jj J'? 

Siwalik idle th« sediniirtite fmm tin* nwnilwnnu »nd bn 

little «hnw. Hf.« for ionthW'iRlH tin* Sivalib cxtwirled « »d 
certain, hut it is highly probable Ihftt « cunriderotoe hreatlth f 
the Shraliks lire buried under U* alluvium of >ho Oanioes, 

Glassification-Oil imluoontologirnl gmitqiii lfn -ysb in ^ lIl ‘ 

vinbli- into three seetmiw. the }>»«'»(?'• ■ * tl »c um- inlf in* 
diTitdoii being l howerer, quite plW #^4 
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wjiJiL bills (Nft- 
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Opp«f Cbnlunultln downward? inro l s j>p«r 

ITurret. Miirfri wnaat""''' "mi ihaftT 

XLo top beds of (he Upper giflutt* -Urn bftuItlW' 0 «igloiitMBte 
»te*e—probahty mark tbn highming of the Iw Ago in N.^ 
j n ,iiii ■ tlila conglomerate carries some mingled glacial il«liris T 
though llio majority of tin IxJuldc^ show rn- sign of hv notion. 

In iiiu-n^liuc .jewim-iiR of a trim gtacial Ixmlfter-lHvl in observed 

,,t ttii.L. LJ. t.to Murwei hilla, Siwkh Bndm tang- nfwdd^n, 
among Uppiir SiwaJiks. Dir Ham boulder dj-d l«boiit fret 
thiik) ownrite* strata containing Ehpkas pinni/ron*. J^biw aTU’u- 
JcHtnjt and Bn*, and it underlies twdij cnntiuniug Ekpfot* /Jam/iww. 
£■. /lyawlricu*, Equv* ami fl(W- Uhie may la; ttHiridcrwi tho 
earliest I’k-iftiooeno glacial deposit in IwH* 1 

Tin' f’l.hvnr terrain immediatelynorth of tho fitalt-Itnngo unu 
tl*o Kamiru i bird wat tract mny bo rvgordid n* typo-area# of tin. 
SiwaUks bulb iis rwiud* stratigraphy and faunn*. 

Sivaiik Zone of Kashmir Sub-Himalayas -Tor a brief ♦Itsscfip- 
tinii of tin l LaiacUT and disposition of the main division* of t U 
Siwalik tijno in X.W. India we night wici i. tbi- Siindsfc Mi uf 
datninu m a t_v|* area. 

Kovk^itl ihwSiwidik system m re disposed in parallel ndilwl , " ! e 
cnnutHuthig Hu- aulrmhwt fcot hills. whirh him- a widtli of wtne 
twenty‘four mile* Thu Siwdik nVKt«m of the J tuning Ini r docs 
«.*t diffpj in any i^ cnlint n^poct from that ib-voUiped in ib- »«f 
id the IfitinJtiVji-i from Afghanistmi to Ar im. Slrtetutally. 
Airntigmphii'iiUy. mo well na palwcontologi rally, it tsfaililt* .-Hfnt* 
i t. Mum*. U J.QJS. vnt. anv„ fcoodoa, IfS*. 
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lar ohanli-'tdra. broadlv speaking, to those found in the l»Ltfr- 
knoVTl nn .** of Kjinura to (bo «Mt and tin i'trtwiir to the *.v,r (.1 
the Jammu iiilK whi&h liimj j*ieldy<J txUcs of the Ufghetft 
bearing oji the problem of the phvlogonJ of Mnniimtls 

Oil tb)' whole, while the Upper nnd Mirkih- SiwuitU uf the 
Jammu bill* show n more or less close lithological analogy with 
tliuw of tho adjacent galt-Kange nod Pot war areas, the lower 
division « White marked local variations, which t'late it more 
umrlv to tbn Alum** Ihnti 10 t he typical Knmluil or Chifiji Indi*. 
Iliift peodvteac# of Miiitw conditions of deposition during I-ower 
Siwahk time become* more marked nearer the Jholunt valley. ill 
tlm potuieU arw, win?re between the Upper Slum*** and the himftl 
bud* of the Lower Siwaliks there is no difference whatever of 
ronk-factiw , nave Lhe local oocurronw-y of fragmentary bones of 
fhvh-wnter reptile and mu in mala in Lius latter grniipd 

Lower Siwfdik -iVu - logicaliy the L'W<r Niweliks «r- rom- 
powd, fnjiu the lioLteiii upward-, nf indurated hrown imndstolit* 
liWnlly internal tiled with thick strata of rid ntid purple 'cml* 
nodular clays. having a general resemblance with tin' Upper Mur¬ 
rey ,,n the oni) hand Low sink the west and the typical Salmi* of 
the Simla hills towards the cast. The lower, hinder and mure 
purple coloured bads, about 31100 JtHW) foot in thickness, pom 
a fauna of Kamlial age, though of a very meagre description. 
TJu! tipper, scarcely less indurated, but more sholy division is of 
like vertical (latent, nnd is characterised by a newer fauna of 
Chin]! type, in the few localities from which fossil* have Iwtin 
collected Fossil plants and woody tissue are mot. with alum- 
r lnr.t ly In Lho lower part. together with hones of a varied reptilian 
population of Cbiloniet. CrocodiinS. Ovviatii, liiibos and sun key, 
iniaed with gastropod shells and their npercula. I hr upper 
division has yielded numerous J laxtodw), DiBottm #>, Jficrcr* 
b unothm*, Dartaihmitm, Uiruffaktryz, several ajHmiee 

•of Anthropoid &pos, a Antelopes, (lircffes, and several pmora of 
l|ii' Svidaf. and Anihmcothsriida*. 

Middle Siwalik— Ovci lying this group there come- the Middle 
Sjwjilih group of Lhk'k massive hod* of coarse miem-cmis mtnd- 
roct. «t time* too incoherent to bo termed swiafconu. Clays and 
riJinlcw iin 1 -[iLiringit Uiwelopad in. these, unit they have not the 
bright vivid u>lornitun of tlie aIjuIch of the lower division. The 

t u#4.Ju|F¥ L«f |*i^,uiic.b KiiualinJr. ff XJ . h. pi. 

* KmtEi ft locality sneir KbiMtii^i^r tfltaur, LTV iui^m nurtb "t JtfUW* ft 

Si^ij^en^ tuuJ {kyaptfhttu.* Uv« bwi wiuhL 
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t^vulutii ouhnir * ■ f iii> ^uid-radt ia liro.v. ft# 

€v. iiiifllMfct intt h vori uiu h t|liJtl; riiiit , li *•! [ho crnwult btifiiK fwmCflll- 

tmled ill l*rgn, bard. ihuUstioaliy shaped Crtm;ret.injv= which at 
timed «' roj-.il Lets lb, skulls or bouts, leaving tlic main pan 
of iho ruck a crumbling mass of band. Them is n well-marked 
Dliiik PttlnR stage, ntulorlnin by the Niign Wine ill the Del hri in¬ 
put Dun, Pebble* 11 m found, mid increase in number a and sisc 

thn ii(i]wr limit of lbe Middle Ssiwalik sorb* i* reached, till they 
form anpnnbtw bed* and leittidca of coarse boufcU'ry eonglnmer- 
nlH Tlio Pkofc Patban stage U rooogo iscd by // i>p« rum. Usama- 
litnvffli wvi-ral siiidjU’, t-<j, /‘nWHior/iWnw, iijfrWcn and JYrm- 
Amodem; !FtOQoetrUA, Utf, Stoffodon and fllinocfr™. 

Upper Siwilik Tim Upper Siwaliks oinsist lii hnlogtcaUv either 
of very coarse LViijglomin-AUa, the bonUar-coUgfciiH'rntes, or 
nunuiivo hedsoi *nud, grit uml brown mid ml earthy clays The 
former occur at the points or onicrgcm® of tin 1 large river*—tfaC 
liavi, Tiivi, ('Jji'tmb and dhehiin—and of thru chief tributaries, 
whereas the latter occupy Llm intervening ground. The cloys hi 
the upper |Hi:t of the series art indistinguishable from the alluvia) 
elsvn of the Punjab plains into which they pa** by an apparently 
conformable pusuigo up wart In* 

Fwiils art- numoruurj in the Upper Swalikt at some (walltie:,. 
This area appears !<_. luivo been a favourite haunt of a highly 
•im-rmlit'd elephant population, in* in evident from the profudun 
and Wide distribution of their skeletal ronuiina- Inmorw of 
JUephtvt, StQj{xii#i, Marlon, their molon*. skull plat®, mandible,-, 

maxillae, limb-... etc.. arc commonly found in the Minds and 

conglomerate*. Other fossils nro referable to livhaln*. Bw. 
HifipapotlUmf, Rhiaocm*, Su*, Equu*. Ctrvn*. Apes, Gariali* 
and mime mi is Chrlanian bones- 

Tim precise boundaries of i in- various Siwidthdivisions described 
above cannot lm delimited in the Absence of positive or sufficient 
fosdil evidence, nor is mow uiinute subdivision inf- mu 

iioiios possible. The imiur boundary of the isiwaliks is, as dialed 
nhcivc, a fa tilled one only aa fkr a» the tlhwiah, beyond which, 
wi-stwards, the fault gradually diminishes mid is replaced by mi 
anticlinal italti*. It if well-marked and typical at Udjmrapur. 
but, !m> Jest ili* idgniflBiaae at Kotli. whew Shvnlik nuuuvm arc 
found inside the boundary* in synclinal troughs of t he Murrer*. 
The parallel boundary fWu within the ffiwmlik * one ol Uio 
eastern Himalayas (Figs. 37 and 3d) are not observed in the fool- 
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f| ,M ( ,r < dliampiirv the ayatoni .if -i.rif«»lM t.lmt i« nirt 
wl Tb m Him ‘irvK r*. ..Hhe iwiiir- of .irJi&JUfy dislocations which 
hitvc nf> statiiflarow a* Uniit- uJ UeftOflUfun. 

Physiography of Kiwalik country Thu n L a titering at the Sdcnlm 
nick,'* htM liei-n jinKSeedlitg at 40 Mlrinirdiiitwily mpid rule mneo 
rJj.-ir .h iKMitiiii., mill strikingly abrupt. fiirms iif t<»pngmphy 
Iwn rv-ived in thin comparatively brief |tcriail. Gigantic escai p- 
mC fiU unit diii-^u|M<» by br.uid toncitudiiui I stnkc- 

Talloy* ivmi intciwcWJd by d#ep im a ntii-ring ravines of tin- trans- 
Ti-nw *i lentuw— * tiffin i t"Swhich are the most common 

element of Siw.ilik lei-ognijiby ►live u a tiuantiTJitive nieJinUTT- 
of the lUbKCfU! wantfl ill ill line taken jilnco flino® the I leist-owne. 
The strike in remarkably tttnalaul in n WW.-ShB, direct urn, with 
only brief joed swerve*, while it- i* uttanut always in strict n>n- 
fnmiity with the axe* of oven the miburdinattt ridges and eloyn 
turns. The only variations in strikivcMniulioii from l his enuren 

tiro the ones already referred hi. 

The Riu.dik -t r ;itu are .ifum highly indim*; especially 
towards their inner limits, tliwy are never coil tor let I or overt elded, 
n, is the caw with ill' Murre*-*. 

Siwalik Fauna 

The ^iwnlik ih-js.iitr. etiuloso u remarkably varied and abundant 
vertebrate fauna in which the class JfawirtiaKit piepowteretos. 
Tim tirat collection* were obtained front tint neighbourhood of the 
Shrank bills in the early thirties oif lie iftrt century, mid suhw- 
rjiient additions none mink" by dhwvndcti in the other HIltut lnyMl 
foothill*. They have boon recently ounaidawbly enriched by dis- 
coverir? in the Tot war nml Knrigru an-a- In 1 >i Pilgrim. lichee 
brought lo held, in >■ scries of brilliimt pnlm-ontotogicat iesean«H»t 
a 0 Wither of rich mamriudifi'rou* Itoriion® among these deposits* 
which art- of high isoolugkal and jut I .Loontuiugittaj intctc-i 1 hese 
have twiaHwhed thr poclcel uniformity and iwnmgcnftity of the 
la ana over the whole Siwallk provim*. and liavc enabled a revised 
eortT-littinn of the system, In very itigpstlvo ptpen. Pilgriin h«* 
dl«ju***i Hie problem*of thephyjugoiiy, inism-LUiutis and miffre- 
tinnir of the various groups of pUttdlit imiiinimlB into arid out 
of India during the f<iw>ilik epoch, when Itidia’s population uf the 
higher maautiMl* vim far greater than it is to-day An important 

element in the nut.nil inn fan mi of the Siwalik* etimdsU of the 

remains ofereitttn™ belonging to tlto nuwt highly developed order 
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t In■ |it i nuit' Ils+ S4- 11 jk-Lmi 3iii^_- H4iin* fifteen uvuvtti ot millifujHMif 

iifM-A, rstmnUiijj in ituli^craplilr fimijji- from MidiJte Miown* h« 
twly PbisUH^uia Thu fiiPiflli primnUtf km fur dfetowtwl an?, hoir- 
c T er, lmt u timiit^ly frngfflrtitAry. uml in tilt- }>rrmn 1; Hinge of 
OUT kiicmlL-il^ nil ilrliuiti 1 a* to Hid |miBablfl liru-s of 

d«mt of th*ta jforra* mrl their puitipn with ttspeol la the line 
of human jhilvsi n it) lititia o#ji lw tofely drawn, y*t th» proof of 
The premrhoe i*f a vigiirniift *<i'J highly UuxiWy of thu 

ftuthiripoifl u\H"+ [Siuiiidftt \i in mi cpodHlteflih iinttuiur to that 
of m ui t sugifwto thiit Uppur SiraOl Mim uwyr htivr existed in 
Joiliji usirJ tJtikl btk fossil nmmmi* mmy mm day ho found, 1 lu'« 
fullowin,*! h J! list nf thr- imttti important (jouni'u nnd sped** "1 
Jfaflraurffr duvRiiiiMi » 'Dr. PUjgrfnk 

Upper Siwalik ; 

Primates ■ Suuttf, P*t]tu* 

C&niiwres i lif/iif-nmirftM'tivtitcneti** Jiff? tiwft- .1/ naIrAi, 

CW*, rnijw, ’8ya*M< CnKttto, PiUfttf-ra. LViW ( 
ifjivfri&i I'ifTtfn'rtij jlfadbtffrf'Wi fWi* 

Eiltiphaiitsr : A’wjrtffcw J n f it ^ ■-■ 

ftMipflwy AyjwffftJWk Lwaiwul^H 

Ungulates ; ///f 1 t J r w L * r r>.^ jjtfltif i iidir it ■* b hf/tm* * * * *ri fa ** •*. t/ - 1 

/ofcoia ff t , //{pypflppoftHw jm j * Vi ph * 71 u a n ^n/u r *inpjjT« r 
Indmtkcr*ant. Sivathmum §Uj < 1 nU >i hi, £V#jam, ^ JAmAiis, 
Zfrjfrfw jmiAimWiViw Bucriftm. .Ihw p A*w, 
ftew, fejffiofw, 

Middle SiWAliit: 

Piimatoa ; Dnprpithu-n*. mm- 

piiMtem Sugnwipiiksom, Ctfa>piih*vm t Macm*. 

Camivpre£ * utitctm. fntft. irdp», P^ihy^em i+ 

/j'ufrtt, ^7 j.v 

Eodeny : 

■ T^*jWv«pJ Kin rmilfill Ol ft^\ l>l«|l)iiUlU »* ^ UpjKT *i««U!c" « Pli.-< - 
t'ti PliirfT-cprrtmeI fi4 tn-ilI* u: 


/sVrjr/irrf r}\fti 

A'fc/whri* 0T(|74>.i.-»n f »hfc#V w ** 


iTt.'.*- nrt* 


Jj, JT.MJr-raTAi 

II rL |_'Lilji- nlii* J nsrwt wing" 

Vtd riidrtjwH T«^ ***** 



Abfifeu •n^r*} 



11 j,| r I'liOTom* lU«lt'r4Aj^Lil^ 

«UL to 0|C vHm* Tirnum Kn5v*b 
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Elephants: tHnuifai"*". ¥rltafotnh>»- f’f^ nxion cauikjft 
anil htiiUff, .StryJon fUJti, hawoii. 

Ungulates: Trim****. Jwnttt'WW, Hi ppm** (very 00 m- 
mon}. Mtrirofxifanm*. TtlmtOMidtM. lUppohy <*, «*- 

Medbvnts, JSirfnkfoft, *» jw*n/nfifow»», 
fapu&pfc 2 torwrfAm«w, Tngidu*. Hy>la*pHk<>nu‘m, 
Vithtwihrritim, Cetvu* mmptir ideas. Gondta, Tra\ 

Amoa. 

Lower Siwalik; 

Primates 1 : 5iivjpi‘(/tic(ta indivw, Dryopitharu^, Indfidom, 
HrttnutpilfottM- f > (rfwoww n . 

Carnivores: Dj^wjwwJw, jimphicyv** PathyUtna. I isfawfcM. 
Proboscidians: Dinothtrivtn, TritopMo*, 

Jugulates: Jeeroi/krinm, Bijotht.rwm* Anthrucoihfrtuiti, Dnr- 
° eabUM, DnretHturim*. tttmimayx,Btvchytdwt, Hptvmpr, 
fUfuffokcry.r. Cunohtfitx, Sanitb ritm, I/irtrkvlon, Tt.lma- 

uAm. 

Besdiie* those Mir louor Tffltebratc fossils nr.-: 

Birds: PfiiltierortWHi, P'^aaM, Slruihi& t Mtfffu*, 

Reptiles: {frmwlilw) (Wto, anriitlui. Uhawphwitkn*. 

(tittttl) Ynmtit m„ (Turtles) <'olusxochfhjft ntfe*. fell »u, 
Trionyx. Cfiitm ; Sbnk-*. Pythons, 
ruh : OphiiK<pf)‘d»s, ith'ii.tiaktkijs, Riltt, Ariux, flto. 

SpocinI intowwt attsmties in tin? oucin-rwiro of obuui eleven 
jirnern of fbeeit primates in the Siwalik group. i hw fossils nr 
niah important fur flu «tuily “I iiu Mi'oiuUon 11 * 1<l ’ 

liijjii^T order of Mammals. lbs fbylojpuy of the living anlhrupmii 
apes, and ihe probable tines of human ancestry* ^ 

A most intonating and repi**eriuitive collection <>T tin 1 Siwulik 
p^ilft n1 India i? (0)3^ m •■ H’ ,1 *d 1 i2 ,Jh ‘ L’allerv. 

in rho Indian Museum, Calcutta, 

Ago of the Siwalik system—Knroi tint evidence «f rii- stag** «< 
evolution of the various typos oompoaittg this fauna, wld from 1 b<'ir 
uftniity to certain well-mtablWuMl tuiuitnufi&Wttu' huri/ons or 
tiurope, which have furnished indubitable evident*' of tiicir age 
Isccnuse if their inri-rntmtifkaticin with marine foeadliforous hods. 
I he age of the Siwaiik yvmcrm i- «n*uhwd Ux extend &t>m l ‘ lfJ 
Middle Miocene tot.hu LoWt and er-n Middle Flnstuonm, The 
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MidijSpi Hswaltkif ire believed to be honiotiixial with the well- 
known Pikenrn aerie* of Greece, of P<mtfaii T f*e- uppermost 
Miocene, age. 

A parallel series of deposits is developed in other parts of the 
extra Poniiifiiib. *w already alUidnt to. The -o have r&mvw] jnoal 
names but they are in most; cases alno fhivktile or stibncrialJy 
deposited stuidatoiir-s. vuid^mafa* dnya mid, on ngl™ orate*. com- 
taming abundant i'osail wood mid in some reginriH} mamma I ion 
remain* agreeing atoeetj with those nf tJm Siwaliks, 

Mekran system—The Mekmn system in Baluchi elan, rvprv- 
rent alive of the Siwalik system. dJffoxv from the equivalent* 1 in 
other areas in having marine fossils. It oempri»oR a thick series, 
of shales and sandstones with eh«% limestone intercalations con 
takiing a oopiOna marine mottaflC&n fauns. The fauna betm 
some reeembtonev to tho CuddsJore ami Karikal Wb of the Jistd- 
ra^ coast and ft stronger iwwnbhmev to the marine Mro-HJ^LJCtte 
of Java. They fall into two divisions—the lower Tahir .ifmjr h 
of Mid. tSnvrkiik and ihe overlying {fwulur of Up iSiwnlik KiOrixoh 
Manchar systflm—In ^in<l the Munehar »?y^ntn has brat divided 
into a lower group which ts fcwdliinnties and ^ eqiiivnb nt to the 
fossilifcrmis beds of the Fofcwar from the base of the Sjwulikd to 
the Dhok Pathan zone, and an upper group which probably 
eum^pondfii to the uppermost partioai of the C T pf^-r Siwaliks. 
The whole group is iQjftKi feel thick and is only oee^bnalJy 
fossiliferouis. Ah the Upper Mu nehiu* are followed sotithwanlH, they 
become estuarine at first and then mimim, resembling iheMekruim 
ripont, Btipi TiU and Diking series'—In Assam the SiwaBi 
system is approximately equivalent to the I rpufn k Dupi J itu, and 
Wiling In Lhc southern part of Assusj atul near C hctit^i- 

gong, and sntitliwards almost to AJtyftb, the lower part of the 
Tipan i writ* txnwiita typically of cnam ferrngtooua tancbUmi^ 
and sandy shale*., and has some murine fosjiik* In the upper pa it 
of the sene* jms»m Lh! vlaya tm prominent. It b nmetmfiJrmabJy 
overlain by Urn Dupi Tiht xeritf which ind tides sandstone with 
torn! wih.uI. iiiotthvl ckvs* and mottled ■ Mirk and oera^ional 
gluniu rates; Liik *erai» fa correlated with the Upjier MiiK-enc 
[pflfj rtb n) Irrawaddy sandstone of Burma In the north-extern 
part of As^tm 11 1 . fijiimi sdrlrs fa rniirdy mn^bting 

othnv^mm sarnktoijoa. mottled dap. and mottled saiwk. i he 
tower Inkb, in which *ujdfitones preponderate, uni ftaffixdated with 
cdLsbow* in Lakhimpur district* iind at [Jigbeu contain nibunli 
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wJiieti h*vo Loan worked Bin™ IttVO. IV highest bed* contain 
ftbandftnt ttfcbta or lignite. Tlin highest Tert ijiHes of Asm. in , tha 
jliMwj htrifi, consist niamly of gobble l^d* resting. unixmJtfrixiAbly 
. iel Lltii TifHtrii and Dupi TSU fl&tH *®d r r**uiiSJibfy opnwponili^ 
(o die Upper Smaliks ami b the high™* jwrt of the 1 rrawftfulics* 

IrrawiiMy system—Jn Central Burmn tin* iwrtkm id tla 

^i^f Alltf aywfcfim appoauM to be mbalog, anti then? i> a pronounced 
Tjretik bat-wami the CTpjurr Pegiie of Lm*vr Mioofinc amJ klw 

ovorlyiim Irrnuiiili.ly system ni V\wi Mfacciuj »■< J .. A £°' 

Xlu> Trtiiwndily ayHtem iff infido up lari^h of tnwwl^ bw dad 

sand^ iLtipi occasion id lieds of cioy and (KMiglonwrat*'. with locally 
.it- lIhs bruit? n roiupicnintti |B red-bed ! of In (critic origin Iln- 
titLfti tkiatne*B mmy roadi 10>0<W ft Two Mom 

occur in this sapwrntetl by about 40DW ft ■ of i ^ 

lower, .containing Bipjstnm, irid jicemfAemJifct dnnoie* tbn Hhnk 
Pjit.lin.il horizon, of the Sa1t-B«iig«h w hi!e 1,10 n IH Mf - ^iiraMcrised 
hv of J/r w^'-w , A7^p(fcWi llS| d f^* 1 . ^ a kin 

hr the Tfltrnt zone of the Upper SiwaJiks. I br atHUtnenl !r arv o r 
markable for th< large quantitie* of fosilf wood with 

them mid thdjf were* originally fcn&wn an the fosidhw*>od group 
Hundreds Stul thousands of ent ire imuk*= of srilidSH tw* arid 
huge logs lying In the *am bmuc suggest i he demidatinfi of thickly 
fomted extern slopes of the Arabftu Toma. Further north in 

Hurusa it » pnibiihlp chat the Imwiiddy *ystcm extend- sons^ 
w hiil lower hftrtKOU# than m Central Hurriirs. and the Ivoondary 
betwMJ iho Pegu mid lrmwaddy rock® b often difficult to Hs.- 
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TH 13 PriK fi V> I"KVI 

Ttfit PJtiuto&ftHi peribfl af geology U rr> man y way* tlm imwt 
Fa^ilnatih^ h though k hi* liriefrat, of earth history It vtm tinting 
Ihis period iK«t lliv g*iigrivfdi> and toipogmpin uf focst piirU of 
tin? world Required their liiiftt nullhiesv, and eIli-ec' fJur.i- and fuuun- 
thdr pri-iiuii distribution. The E9ufrffio*nic *y*u k w in India \uv* 
ii jtdler mtl mori? varied fipv iJ'ojniieur jjnm^itl nt ^jinT^fig *y- 

Temi \*h~t}te~AxeMpim; it raver* SjHkfltMt of Xort hTmlia 

'under iiv*tv art* hmg edrctohist of niuu tiiptfiiucmii* 

JoiH]pfHi-dta 111 the Middle -tnd lemur Himalitv^ and ifawrt, 
Interftto. lUiMnil, lamintrimi and Aubagrini mu?i«fiiiiljitiati* In uthwr 
[mru nf tta etiuntry, An ofttiurrenoe of emh-ftccmn uniform] * 
gravislfc oVi-r 30ft# fiwttbvp m ifu 1 tapper Sutlej hiriifi gives n- .i 
rfufc to tile Varied gwilugicnl, hiobgical ami rm toumlngira) aflfi* 
(JitinnH firutnilm^ in InflGj* during I )w period Kstdi-ivi! titter 
faulting along llte west mim mid tertuniu disturbance of gravel 
lied*. K&Ttmuu lUid t T p|NT Snvnllk arc of further Intent* 

hunting that this fay! and -uiM^cenf efiouh uf + -irtii life- 
t_iry whs si 1 «1 fwr from nmgcrric rriiivoniesiH of u siguiflaiint 
iiutmti. 


THE GLACIAL AGE IS INDIA 

Hie Pleistocene Qh td*l Age of Europe and America—On of 
i hi- Tr„iiiiiry eta nnd tin toflimfloecrmcpt of lh»Q ii* t CTflMY an* 
mirbd in tfruope, Jfocth Auunica pad the northeiti mrhl growr- 
rdjy, \i\ n grrat rafrigiuat tun undiijuiio, rtilanuuitmg in wlu*i i* 
known n> flits Ice Ago or fthunnl Agt The glacial i-niildiuOft prv> 
vailed m, far -.until ** 3U" Intitmit* mirth, fiitfS otiiUftru^ wiilttli 
now BXperietii'tt a temporal** qtiiuiUr I lien experienc'd the orotic 
ctdd id the pdur legion-., mul were oovrmi undi r ice ahc^d> 
mdiaiuuf from the higher grounda. Ilic t^i«^ciuv for lhi-5 gmut 
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Hinngi- in i Fir- rimim id oinillf him nf I h» |x tin* ifliwi mit- 

vi 11 E^irijj [intnrtv .uni i- (m^rv^l hnth in ihv ^fu^uvit mcon Li iif 
thr* '.y. in the* rhiirrtrf^rL-tttr glaciated typography, ihe 

41 glacial drift " *iv left by tin* glacier*; utul the 

affircU iijxm the ilraiaagc *yit«ni yfihe wiuuIrtaN, iw well ^ in tin* 
trffjahic n-i f.iriL-4, r.p. the ittflmanM nf (inch a ^nvit burring of 
tin* temperature im I hr plains and animal* then Living, on lh#* 
migration or extinction nf specie- and on i hdr pre^nt diMri- 
butlon. 

A modified GL&riil Age in India—Whiitbrr India, that ih h j^rtJ 
lying tn the Lilith of the fiimrilriyrun* parsed through Ji Hhiml Age 
U no interesting though tin iiilh?M U-cJ probkni). In India, it must 
In.' mitbrstood, wn rmuml look for the actual existence of tdt* 
*hfletx during thi? PJeisfxM^rne tdadrtl ejHH'h, boc&uiie ;i mfrigerutiim 
w lii.-li eith prodon* irWint f'omlrtifiEii in Xortliern Europe and 
Arnerb* would tint. Lin* prtscnt/.ijnaJ distribution nf the cLhuaU* 
being a smiled. lit enough to ilepre^ the tnnjKTnture of India 
Ixmifid that of slit* pre^at i&mpvmie jehiicm- Hen» mi should 
not took for it* ovidem e in mnmiii^^Jehri^ and iwck-sfcriatiofift 
{except iti the Hi malaya a) > but in the mdirrd. nrgn fijgj^jdo n^i o f 
the mfiuenec qf e yofa a Inwr^njfof rhp feTnjjwjrnf nre iud t he eon - 
‘SqTftfur on tr ie pTfl'iiS " and riinnaTi]]r~t hen 
Tmug TrT India . Humidity nr" dampm^s^Tclimate has teen 
H .1 iilid to 'iHwae&i tvr much influence nn the dbtrihut ion of ttpedt* 
in India aa temperat ure, Fmm t his poipt of view; aniHcicnt e? vi¬ 
deo oe ex ist * of tip; idmaal gol d of Hmmirt he m regkma hfin g felt 
ip the plain* of India, t hough to a mnch le^ axtent, in times sue- 
tjn* Siit JITc |>ocb after ikc ^matayftu ra i igr- Kill aHfrlned 
Jta in11 e bvijU Tim The greal J ce Ago of (he in irthmi world wah 
mcpariemiod in the tMmt1u K rly Imtitmtof India ^ n tum^ion uf 
fyjlil pluvial epoL-hr, 1'ie L llnvio-gUdal iie j ]Hisils of ihe PfjtwLtfy 
rJeaoijlKMl nil |k 407* mil the hmihk r-lt«l refi*rml tn nn p. 36JI nN 
witliin Hu Dppk iSivAltkn of tlu? Shrkh BiilIIli hilk in the Tran*- 
Indhfi Balt -Rrm^v urv 1 hr only lUMtanoOi# ot actual gladnJ rli^poaite 
recorded in India hk btiiufk^ m fanvtith m 
Die nattono of the evidence for &n Ice Age in the Peninsula—- 
Thin evidence, derived &ym wjmr i>critiliaritips in the faimn and 
Horn of the bilk and tamiutainM of India a nrl (> vk-u F i« mrnmmrimad 
by W T. HlatjfmrJ —out of t.Ji^ wnrkcrs in the field of 

trulian gevdogy anrl natunl bletorr* 

11 Ctn several isolated hill nnigr^, wndi aa the Ndgiri, Animate, 
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Shiarai and nthi-r platoons iu Southern India. ittjJ „ n (he 

mountains of i.'oylon, there is found a temperate fauna and flora 
which does not exist m the Jin* pium* of Southern India, bat which 
'* dnwljjr filiicd to T he temperate Arena and flora of the Hitmtlayis 
the .Vvinm Range, the mountains of the Malay PeulnuuJa and Java! 
liven on isolated poikssuoh as Ptanutth, 4 SOI I feet high, jti IJeimr. 
ami nn .Mount Ahir in the Arrivallt Range. Rjijputana, h-v- ml 
Hiniitluvsn plunt 1 I'.tist, Jt would take up loo muck djuu 1 ; to 
enter into detail*. The occurrence of ■.< iliinukvan pkut like 
Hhtxi^lradron ■irbirntm m-J of n tJimahiyaii nii mnm.1 Ida- I f,trir< 
/crWyir/u on both Hie Xdgirk mid foyloii mountains ail! serve re- 
nn example of ;i cuiwdorahlr mi in her of lew* easily reoogniscd 
specie*. fn some ease* there ht n cfottr itHcmhfuncc be tween tin- 
temperate forma found on the Peninsular hi Ik and thenu on (ho 
Assam Range than between [he former and Himalayan species, 
but there are also connect ions bfthnen the Himala yan and the 
Peninsular regions n hidi do mu extend to I he eastern hill's. J’he 
tnttest remarkable uf these is the o acmiim ei; on Hu. X%irt luitl 
Animate rang™, urid on some bilk furt her south. of a speefes of 
n;y glint, t V/pn* kylorriua. bcbniiing to a itih-geutis illemtnigu*\ 
of which tlw only known specie*. Capra Jttmhiica t inhabits (he 
temperate regions of the Hiimifoya* from Kashmir to Bhutan. 
This case is remarkable tamuse (be only other wild goat found 
completely outride I be paluefiretic region is aunt her isolated term 
b the fn nun tuiriH of Abyssinia. 

" The range m elevation of the temperate Nora mi it fauna of the 
Oriental regions in general appears to depend morv on lmniidiiy 
than temperature, many of the forms which in the Indian kills, mi- 
peculiar to t-ho higher range* te'ing found njinwatal bv the 
allied Kjieeiiv* at tower elevations in the damp Malay Peninsula 
and Archipelago, ntifl mime of tin; lull fonns inning «vVu found in 
tho damp forest? of the Malabar coast. The u nhwak hdmbi±kig 
tbe Peninsula and ( eytomwe bilk fjcteng for the most pari to 
species distinct from thow found ill Lin* Himaluviui and Assam 
faiipffts, etc. r hi smut* ruses oven gimera urt! fKKiiluir io tlio 3iiZU uf 
Ceykn ami Southern India R iiiici mit? family of snakes iti imrepre* 
wiitfuj f inRinvIipro, Ther*' fcin\ Jjowwit* □imitron* fjlantx tuid a 
frir nnimuls inhabiting tlui hilts ofSoatlirm [NiUcirnidGiyiuii which 

are identiftll With H ittldUyofi run I A’l-iimi y: hill fut mjt f hut which 
are unknown throughout the piainn of hidit, 

“Tliaf h giriH pjrtiNn of the lemptritti* buiiw and Hum of lilt? 


(JKOLOUY OF INU1A 


im 

Smithi-m Indian hi\\" ha* in hn hi tod the mimtry from n much im>rr 
distant epoch than the glacial fwjriod may l>e considered n.= idnioc 
certain, there h.-ing a - # mnm peculiar form*. If. is possible? that 
the specie* entnmon to Ceylon, the Nilgiris am I the Anmiulu may 
hare migrated ut n time when the etmntrv wa* danj[H a r without 
thr EctnpemturF being lowirr* hnt it i* dirtierdt to rmilerstund how 
t he phi in- of liulin cap Iiayo enjoyed ft damper <irn:itf- without 
either riflpnwpimi, which mUfti have rtluuud ft krgu portion of the 
country to he covered by n ea, n dim i 1 1 irtht.'tl t^&npcFjUurc H which 
would cheek evwpoFBtinn, or n change in the prevailing winds. 
The depression may have taken plnee P hut the migration of the 
aftmmU rbtan I plants from the Hlnmkvjis to Oylon would have 
I teen prevented, not aided Us the -ion Micro Jin 7 t being ianktetf 
hjr the *eri, mt that it might Ik- na(v\y inferred that the pnrir)fl of 
migration and th* period of tjaprce&iriui were not contornporaptniiH. 
A uJmngc In the prevailing winds w improbable so long HP the 
[uvi-mif cJkitnhnrnv. of hind nurf water ftsistF, and the only re- 
mauling Ihcary to coconut for the existence of the same specie* 
of iiniro.il* ami plnnts on the Hinmljiynn and the hills nf southern 
I nf ha i- dfif>rr.»n m oft n m pe rn in re . 1 p 

tee Age in tile H i mala yas—When, however, wb conic to the 
Ninmlrayarr, we ^tnnd an ffnretgmmid^ far the record* of the glacial 
age there nr*' unmErUnknhle in tlu-ir legibility. At mnnv parts of 
the HinNilityuh then? nre indication* of an extcnmve glsoistiuEL in 
the immediate past, and thru the present glacicra, though dumc of 
them ar v among the larger in i he world, ara merely the shrunken 
rtmumnt* of those which don ns bed in the PJchtoBbuo ii£i\ 
Kpormoiu hfftpeof termini rl ummjniw, now gatSH-eOTtrcd, and in 
tree-rov^ed, tornsjiarted block*. and the smoothed 
mrd striated hummocky SUE Faces and: other tndicaimiis of t he 
action <>f in on the land surface are *wn in ait pur!* of the Hlittu- 
fayn.it that have Uvn expkml from Sikkim to Kashmir, at nkva 
tinru* several thousand feet l^tow the prawn! level of descent of 
the gkekm. On the Hor nqukh monoNun in Kashmir n uui*.i of 
mnmine if df^iribcd nt im elevation of MOO fix'l. Grooved miij 
fmlirihi^j mck ^iiffaivH hnve Iks?u found at Faugi in i in rppor 
< 'hmah valley, uud nt EiumemuA li^ntttuw in the 8 ind and Utliir 
valleys on vlffln at the flMU-fnnt levok In She Pif Panjid, ah.^r 
pWO foet, tho mcniri tains have ti oh*iaeteri»tk glui iatoii uspwt. 
while »ht> vftlhu-H HIT tilh^d with moraines ami. iluvio-gJiuouUti-ifL 
Oil the smuliern atope* of thii Obitihidhur ninge an uM imjmiue 
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(or u iirtt Is believed to be such) is fotujd nt such mi extraordinarily 

lim ^ k*. . .. in -me parts of KmgcA, gluofm 

wetH Jl1 ° ,u * tJll,L ‘ ^Vand. ..gh not on R ,. !H | e ™l* im®. to hae* 

Wmi’ Mow ih„ |..v.-| In bWtlwm Tibet .. . evi 

ifn/jii-s an- mfttkpffnu* ar tin- lowesr witjiK km,- of that oieuitcd 
pljitojiu. KcjudKv dotirindng prwife nf irr-Mtinn exist in ih, 
wtpcntptkm-* u. .inijiwge entire*, that were emwed l>v gkoiftre in 
vitnmi.s part* of Urn iimuttfoin*. Xunir-rcms, small lakes am! root- 
fumfnn iii lvii-dunfr, Ladakh anil Kimnnin directly or jfnlirool Ji 
owe uiefr origin io iln* ad imi of fjlnrir-rs now no longer exislbiL; 

-\ more detail-.! survey ami exploration of the Himalayas than 

ltt f ht * n P oa *Ne hitherto will lirirtit to light fortifier proof*. 

Hie iJuigru of tin; Middle Hlirialavjw, which support no gfjiricnt 
liMfoy. have, in name o,^. [Lr-ir uumnuts ;mi| upper wJ.j|k-* 
covered with moraine*. The kv-tnnwport.Nl Monks of the Pot- 
w " plikms la Attack 4ml Rawalpindi (referred to on page 407} 
also fortHslt mrm bunt live evidence to the some effect, , 
dm. the tr-sfim.iiiy of -miw bunging valleys fp, 3IJ, mK j Hj f t | u , 
well known d.-ktmMon of the TiLmiiiu lake* fp. $3] t ) 

TktJ extinction of the Siwaiik mammals -one further evidence— 
P'ttrtliCT evidetiot*, from which im inference can he drawn of an 
je e Aye ia the Pfafot manc epoch in India, Is snpplfed~hv the v e r y ‘ 
rtrtking drcSmiiiftBDBti to itilffifl~flih~aEfeqtwm of the world w m 

iwturaSrt. ^rrr rlHit ai MirVrataee. The 
/Hidden and widespread rvdiifltjrm, by extinct ion, ofTKe Siwalik 
mammal* is a nnw start ling event for tile ganfogist as well as the 
biologist. The great O ttnlvofoa . the varied mere. ot‘ *toj>hjijilJt 
Mmiciiift to no leas than twenty.five to thirty aperies, the Sim 
iAfriu f » eivt h aim-rolls other tribes ofkrge anil highly specialised 
Lugiiiale* which nttiit such suitable habitats in the Biwalfk 
jiinoN - i.i the iIfor-i- 1 if r i-pinih. am to be steen no more in an im 

mediately sur.’ixding age. T fafe sadden dlsappearanee of the 

ingld v organised mammals fr..iB the faima of the worid ls ip tri” 
billet! hv the grraTrTiiTtimltjl to llimjflbtiT of Um nibnm rv.U .. fa 
jjMcml Agw,fTis » well-known fort that The more highly 
H|T.-ia|f*w! im organism i-, the |e.-. fitted it is to withstand any 
sudden change in its phyxioat cttvimimu<at«; while the J$sb differ- 
i'nt.ik(f<I and hi imjwniLivelvsimple irrgjKtitnif nre mtue haniv. and 
rurviv*- stn-h Hiinikp-e either bj" slowly ndupting iliettuselves to the 
nltervd -wirmundiag> or ht' migrati.>n to lews severe environtitents. 

I lie I'xtiiictiiHi of the Uirue mimi/ei ofMiwulik simem and 'peeiwf. 
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an-! i Wip'JVi'fjjtHmifiil. t<f the nmmmulrJin fjum« .*f ihu 

Imliftn ri-aion, therefore, fnrnbh n, with on additions! arirunimt 
m f ni rJUi (jf « " iw " (though, - r course, g».Hv modified 
and tempered in seventy) in India. following the Snv.ildts 

Interesting gtodologi™! bvw%rtioiur have l*>o« undo « a the 
Kashmir inmulu v i and in the Karakorum hjr DatocUi, ftrinJiaton 
ami tie IVmi. Dabelli record* four distinct pirn** „f donation 
111 the VW. Himokya recognised by their m,. mines Nome nnfi 
** twm of the oscillation of gtariat and mteqdimkl periods have 
""«***"* “ ^ fltyl '5 PbintocHn. drift tilling tbr .Sind il0c f 
L , r vat leys of kashmir. Do Terra bin* at tempted a correlation 
ot the moraines of amative glnniaticm» with the Um»r Siwolfk 
stagcij of the Punjab, He believes that the terminal urni ground 
iiiurauit-Hof Iho Kaabmirghteiats merge into iho bonlder oynglom- 
erste of tiie foot-hilk and with the system of rice? terraces of the 
m hi n vnllm r s t>i Kashmir. 

The hyHtem of lacustrine and river deposit known ft* Kitrtwa* 
in Kushnur contain many terminal moraines embedded in them. 
Un- moraines nt some pi new contain finely laminated ' carved " 
glacial clays. 


PLEISTOCENE ICE AGE DEPOSITS OF KASHMIB 

I’luiatoeenn ur pwt-PlIooone deposits of t] u . nature of flu via tile, 
lacustrine or alucinl have spread over many purl* of Rodim ir and 
occupy a wide superficial fixtenl. Of filler the most interesting 
“ Wi,{1 ,w wwpipiKniii example* arc tin- fresh water (flnvirif.ile 
and lacustrine) deposits, found ha low fiat m minds boideriug tho 
elopes of the mountain* above the modem alluvium of the Jbelum. 
In these, re-sorted terminal mumiaee of tl IH glaring from the 
higher ground have fumjatusj a large constituent. 

Karawa series—Thesis am known os ifereutti in the Kashmiri 
language. The Karen* formalmn occupies marly half the urea 
Of llio vsllc\; it ha* a wirith .if from eight 0- sixteen mill« along its 
south-west aide ami extend* for n h-ngt h of .- ,.me 11% miles front 
Shopvan to Bimmuln. Thr pimnit view it^rtrtLj thi H Kurt?wo* 
** tiie sum ring fttmnanU of dejiodhw oF it kkn or soni^ of lakes 
which once iiJJwJ Umf who tr filterha^in fmm dmrJ to end. The 
draining nf tho hike (If Inkty, hy the ti|wsiirtg anil NuTtgixjijcirit 
dim pening of Lhr ouilH. nt. Bvmimtfii. has luid them bnro to 
di: mu i lit turn wh(dt haw dii^otod th&4jttc^ cnminuotHt aEFivnum into 


Lmtoi M«r« 
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£t&i.a|iitfK| rnnnlul* Of jiljilfora^ Th& 
IlipilRHl Ei Mill Hi which fhr KitrowiM 
liitvo twn observed on. the N,K. dope* 
of tlte Kr I’DLujal m 1 feot> mure 

lhaii 7000 fret a hove the Jevcl of 
llie Jheluin bed. At- the height of 
I lie lfcc Ago t \iis Eoffiiri liik-o ruLiHt 
Imvo boon tio Icaa than 3000 H q_ nutea 
in ana, 

iJtbukigicjtHy the Rarvwn *mrie* ocm- 
wista of blue, grey urld huff sji[f:s. wind, 
jtfitlh compiiotcd ftbiiglomnrjitoe add 
errdMMldtfd ns oral i ses. Thr* ^.irsrs is 
■ IjrLiihk j:.!o t.un stagim, ftfipjimted by 

nn font Lit y n-pjt-H'ni.mg uu eno 

rfivc interval florin v u bloh aotue 2U0D ft F 
of I'hi LfJWIT fc.blVU'n.H Wfrtv lldOtldlld 
from I he tops of two Hat anticlines*. 
Moraines of all periods nrr found inti t 
nt.r^tifled with rhe finer \ukv ^di mentis- 
of the Kiirtiwiis tit different Welg r The 
thfrlmiafla of thp Kim was 
ftiWiia 7tK>0 ft.; it is UiffieoU to eati- 
lautc the exact tluck™w H ifuc to the 
folding and Uftrqt&l erosion. In wtrati- 
gmphlo mnge p the? bow of the Kiutw^ 
is pmbflblv Pltoowii^, touching low 
u hurkoTi itile Dhot PolAiui nt»ga 
of the Middle £iwii|jk* . the top ir npjx'r 
IldMewm’, being him ft rnmbly uverJafn 

by Uim mib-RiKfint dhrhmi Jtllnvium. 

What horizon m l he Pldvtoqcbe of 
Karhiiiir rr|irtjfhnrn the oommeoceroorit 
llie lee Age in the Himalaya b hot 
■wtain, Imired if append* 
ihiit iljL- coimM !>f Hit- tee Age m Kash¬ 
mir ws.- i mI c. rr*.vfi| with the mil itf the 
PthH3tmt> hut v. 'us bief in date. 

Ho- *etttk)H btdciu give* in idea of 
rh+ L Htriitigmphy and ft^l etmfrnt nf 
the Kmrmt s'm^, 
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OlflfiuU And IntergliL'laJ Bsposiia in the Karewa Series. Pir Pwij*J Rajigv 

Mors inn, nml lemtt** of 

IV CUCIAL STAfiK 

111 ULACIAL .Sl'jUiE I'LiiK fiMiti uJjimdnuL 


£. 

£□ 


Well^bedded Handi hiu] c I&vm 
with. hoiiklftra and o fra lies 
Varve clay*. 

Ilftju! hfpithfcr-hefl, 
il GLACIAL hTAG tl 


Many 


urni other 


Imho biifT nin 1 hlu^^roy dialer-, 
HiIHlIr and £rnYoL* lto aa 
beiiMixl + vnne ekv$. 

- I ixUriAh tnaiiK 

f Dark wbanjraoin ^hnldj^ .trul 
** smuklmir* with think miir 
nli.Tii«irrLto - uud lignite uviiiiun 

SiFn ami clays, 
PJtE-GLAClAL. 


Fbafl! leave#* Iroii and 
of roar, viiiAAfuoiL oak. mapl*. 

al l Lilt; Imptl, iliftt nem - JfLmU- 
%hf'\h- fibiifiQji ht^^drtctiA m 
Mhtmp rrtw sp M Vvnw 
SiibtiftrWiKrfjir #&h n'liiLLULH. 
bitil and imgidate ben™. 
EtciJi, L'lu. f^Mb-triP|dirml hw- 
Ijiiil! |>Iai]1p. 



Prr-lVrf iury, 


Slnif-tnral futures—Tli. Karris ,t an- niuai I v hni'kotitnlh drut i 
fHMi ihipr^it* formed of of fin* grained dAiirl, loans, md blue 
sutiily clay with lenfimihir iwsiuL of gravelly coisgloioamte. At 
iocaNticJi t he lisinr *aroU And nhyt show lamination of the 
nailin' of" varviitg ' Eternal ing kinluimof differentwiki tinand 

urniiH inr Jim I Eng pcrimbi of summer mol ring of ins fijmJ of winter 
fmahur Kvidoini? cl rjddlJnimn of the gbiHuf diiruiu- lh rr monied 
in file Khtvvtti \t fhr end of the im tigs tlwrc wn* a 

forflwt period in the Kashmir valley Intcrnimtifcd with the top 
bed* a re thin but nn-ui»hrv v Ml]’, of lignite Fi-r brown mil which 
art- of workable pn*jwjrfJonH dl two or tltne lorjilitie- iis the 
Eoiirl.nL lt tohsil. ‘-m'lotiiiig Zfirg« i nerves of u meduirii-Rrad^ find. 
OuIt, when rfiry abut upon the hIujk* oF the Pir Piiiijnl do tho 
K astsvtm show ilipn of from 5 3 -SO 11 , aijfty from the nmuntoims 
liidieiiting that- rimy Itavr Glared in the later upheaval of the 
l^njiil range; looeUy tiips of over Hr, with «hmp mnitmdinal fold* 
itig, have beeii whilt- tin- -erie* |itu« bwn tmeerl contimi- 

oualy up to t&mtfrt tbe riiimmH nf the Pir Pioijnh fhi# f*iei 
mtiihlkhes the irifm iM - that the Pir Punjal I«w mutergone cov- 

’iidicuhlf flu v -irion the mnU-Hal -M I hi Knwwa-i wn* hid 

do wn on it^ alupe^ B 










GEOLOGY OF INDIA 


382 

FiWl kavea jyid wood of 130 rossut spedm,. r-y* htroh, beech, 
willow, Oiik 1 walnut, Ira pa, holly, various \mn* together 

with hind wild fresh * Water abells mid t*omc H:hIj and other verte¬ 
brate remains, in el ailing Elcphns, C&WM and a spottum of tthina- 
rerf^t life found at places. 

Glacial moraines — Flejottraius and Inter gkdftl dupoidt* are of 
wide rUfttribiitioii in Kashmir, Two nr more ilirttnnt nebs of 
mom me* arts observed — one at high level. which jjs of more recent 
accumulation hy ( dieting glaciers. and the others at 
lower rtitnntioTiH. who*** age in Lmver or Afiddfc PkbtcaHuiiJ. Thr 
glaciation of the Tributary volkyi of Ktudunir, the Sind, Lkinr 
and Lnhtk ffruaente f^turtt of great interest. According to aomti 
qb^rvi ^ 1 this part of the Himalayan underwent lit nr distinct 
gladation#. ^jp&nited by interglacial warm periods, Indication# 



Ktr» I1J *rrc™* e Imi rjutrrunuii iniLi at t|qe mih- JJmmlik y «H /nmTHIfi 

Nvlc tliP t1UW4«fcf4Ml yf lllp vfci.i|7rts niiti iwmfpfi HMifji 

of I hose cnect^ftive according to them, are present in 

the glacier moraine* and drift* which fill those aco-erodod. c)nw- 
ftOteristicjally shaped tributary valleys and in the aystem of river- 
terraDes in the upper roaohai of tbs main vaUey of the Jhefum. 
into which the moraine deposits gradually merge. Moraines 
belonging to three or four snewsaive glacial advances,, inter* 
bedded with the KarewEi tkjHidts at various levels, have been 
reeogniaed hy de Term. Thu terminal moraines of the latest 
glacial period areaocn capping the top beds of the Upper KarawnA, 
While moraine*? of rite exiting small glaciers of Kashmir rarely 
06mr hdtnr 14,000 feet, thr older moraines are generally buried 
unilrr either contemporaneous or later Karena iIr po*3l? Four 
midi moruinn^ can i>o rlt&tinguifih&d on the wide smooth ghici* of 
the Fir Rinjal range between Bjmunuhi and Ihimkil Pii^: 

1 ^ 0 T I>r Uin K*Muiur nunriltiuiiit ilikI fmlfevH, nformu* 

nwiv ^ th. ijt tUn fnihUfll^i wrirkji ef UihHa ^u| 'J'l-r r,. d •, Grni- 

liniltsn., Ifftfe TO, bUt, f*. & IPJfc «k 1 17 *?. vnt. %*%i, r i. 3 , UMM, 



THE Pl.ElfeTOCSVE &YSTBM 

H GLACLYTJON clrvatiuit 1 £,<hh) ft. u, 'mrntft,, 

!«(«», or it) romrotl under 

linlti k » t grow, or jiimprr shmJw, 

eta. 

Ml GLACIATION Honune*—oluvution up t HI "nim ft, eovrrnl 

under tTijr'k pine fan^bM. 

M GLACIATION moraines—mostly (juried under the up|N- r 

strata of I Uv Lr, JKmvuwt: {*■ w 
expos dras seen cow ft 

f GLACIATION tflnminfs*—burial under tht» Lr. K&rvwa* 

or nvor tcrMcCT of the jfotlin 
Mid Chenah v*Uey«. «200 fl. 
ami lower* 

A\ Ikrnamfii ami GftndfcHuil some of the earliest moraine* in 
Kashmir J|rn Steraines nf the third gfficiatiofi tiro seen over 

fl wtdfc -imvj on the tup of the Lr, Karevas, thfimwlm covarixl 
Hinder think pine forest*. Tht* debris of the later ice advance in 
Kashmir forms to-day long rid$m t upurs ud knaps projecting 
from the fnot of tFie mu in range. 

On both faces of the Pir Panjal* moraine mrasca in m(u tiro met 
u iLh at levels Jaimve 0500 feel. while ni-sortod morn me d^hriB 
lias filled the higher reach^ nf rJm valleys below this level down 
to 5000 and eimti tiHKMbet. TypkiJ cirqne-likri amphithoiitn& 
with strap d^fiww ana met with at two or three localities in the 
Pound] Pir Punjab 

High-level river-terraces -Among Utcr deposit than ore 
the highdewl river-tnir-ftces, HHKi feat or more above the stream- 
InxI, sub-Recent river JtlliiTLa p |eveo% and flood plains; thu ein^r- 
moEi^ 11 fan talunea ftl in the ftuhta anti fliangi-hunzno valleys of 
Ladakh; cavo^epodte suet as those of tfarwan; trevcrtwel oU\ 

ITie great thickness of gravel nod pebble died n. noting uncoro 
forrmibly over the suhjneetit Upper BJvallfc boulder eonglomernte, 
which fringes the outermost foothills in Jammu and near Dq_b 
hnurite \ A likewise nf the hujiic age. 
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CHAPTER XXII 


tmk PumrotWE system (CMmuot j 

THE IKDO-GAIIGETIC ALLUVIUM 

Th(? plains of India -Tin* (jroaout chapter nil ] W i Jr in >!♦’»] io r 1 ty 
1?u|lJ K- Y fi f (L? gmu \iUiiia of North Ijnll.j. tliT third nlnaical 
t vision f>*" t r " r4 * " 




iarp-arn lea 1 liF T'ijUifiMla fttJta the extro- 
t^nirmitar regmme h k it noT^woithy fuel l.hut lbi^> pUini Uaw 
inof fi^u relief. alTm l.lio gwhifticiii Lisitfirv of Itidhi till now, tfin■ 
hi-ginmng of it* very last dm filer. What the phyaied history of 
tin-; region wn* diiniig I he lulu/ wv J tavi* no iih^jih 

kimwimj . That in heeuuM- the whole expand of thent pLiliir, from 
one mid to the other, is formed ,_gith ‘ im varying mu mu tu ny, of 
l J l ojBhTOrwj ftiatiTifUb ltoci^H. dluvid deinnsi bi nf Uw nvar* *jf 


l mIu-iyn.nflotifl ayatqnn which have odhipfaftdy dhrouded the afj 
Iftnii'flurffloe IrO n depth of tfiou^mdi of f«t. The Nolle] gealugv 
of the country i« thus totally obscured imdenirath i.tii* tmintb, 
which hits completely buried nil the jhi*t geofogieij Jr«ix»rdfl of fcbjj 
va^t tnirt H ie deposition of this alluvium DO/nrurtLerd after the 
riniif iifih fiiviil of \ he mouHtnifto clihI lm* eontiimrJ^TT tliiuugh 
t hr I*lTOtoofinc up tDTftFpi e*enl The plains of I n<}Ui t \iu* rdlbrri 
a fi igna I iurtt ?nice of" (ho i rii perfeet Jun <jf the gonlogionl record its 
prescPTOcJ in I hr- world, rntdofuneftf the many ttflii&es of lht\i im- 
perfection. 

Nature of the Indp-Gmigetie depression—Jn the Pleistocene 
period, i iir- muni dmuiimni fr.fci bit'll -if the geography of Judin tmd 
ootm into ejirileure, nn d the uoirntry trail'Itteii Hmimrrai aimtm ■ 
l&S pft^eu form, mid it* leading feahimt of toptgruphy, except / 
tluit thr Inmlh In frunt of tin 1 iiewly-ujdimbvcd tiiuuniftin* formed 
it dejjrttitdori, which wn> rapidly living Idled E2|t hy the u-nirof the 
lughljiink. The origin of I hi* di-pa^ion, t\r trough, lying m the, 
f |M -d of iIm mtHintHinii k clouJillest intminhdy fxixmuetod with thr 
origin of tin; latte ^ though tin- exuet itfltmr of the connect loti in 
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nut known mid i* <* mutter of ilirujiMiiim. The pfntt ufNifrjgbil, 
Kflmml Sites** hua itiggt^ird, wt we li.-i v#- airily Umt n i* 

-1 " run rli^fi M ill front of iln- high rnM ivui** nf I hr MimulnyM 
iwi ih»v w«ffe rhfwtted in ilidrtwintliw iiitl Aiivnmw Uv tiro mfh'xjblp 
Mulld lund-ma** nf 1 lif- Potiirtiflln. On Jhm view tin- dupery ton In 
of a njncliiuii n&tmv— ii vtfM'Untmnm. Fmm physical mid gefl- 
rfnilc uiriflidtfraiioiie. Sir 8. Burriird Jim* uiriVed M it totally imvnJ 
view ctf tiiu origin t>f the drprv*Hinn He cohdrirrn that the Indo- 
limigetir pbiinn. iMiriijn a dw|i M rift-valley' " r it jidrtJmi of tin* 
earths iniffktv *mtk ill u huge track or fh-Him; in Mm nub-mui 
between fmniih'l dinloeuMum* nr fmij£ i ■ n al Mvu hmI«' Thu for- 
mntimi nf ihta gnenit tmi. Iftilii mile* I one, and ^veml i-liotimiui 
feat deep* in tin* crnsi of tlie earth was, iiiieonling to tlm vlp'v, 
intimately with tin- elevation nf the ilintaliiyiui dmin; 

it h:^, in fiwti according to Burrard tin- prime epimub' in the 
whole ’li.TMs# of {ihy^ogmjiliirnl cJimige-v t Nfftl 1 iKik pkee rtt tin* 
period tn the rnrth'rt liMurv- Thi- vn-n, wliMi is link'd mi geo- 
deiie ohsrrvittifjiia mid deduction ulnm- hnn ^ol fca giHibipi-a! 
fuel* in ii* jmppnrt-. mid h not adopted In- geologic, w ho e*nu:t"ivf! 
thiil the ! iirlo-O^ngHit 1 depression biudy of nun f crate depth t and 
that it* oonviTsinn into thufki plain * h due to the simple pfcu-*^ 
of uHavJatton- On Uife view a br^oonfciniittl vigorous *edi- 
rnentJiHim, hiding a restricted, dowlyorinltiiig hdl oFthctfuiintri, 
file deposition keoping pact- with suliddrnLJ\ hn* given ri*e u* p laiH 
great teutonic trough of India* According to the la tier view, 
these plain* have Wn formed by dn* dipwitinn of Mm cbtiftn* uf 
the luounfiuna hy the mimrmu?rivtiv onterging fmm dirm during 
* p-riod of great gruduf mnid HUiivity . Tim void iziu huh upheaving 
of the munu ruins must have r&jtrmnir*d the ttiwus often and 
often, Mnis multiplying their carrying cajKiirity To stveml timr* 
their normal flowers. It mtmi uIjvi Im j remembered that Ltd* 
inrr^"«w. , *l ream-energy w an esp^oiad on n 3w«nt' uf rteeot bldhijEi 
und fmrtnriiig whofw diniiKiegnitioii must luivr pnjtitHHlefi >virfi 
extrtrme rmpidity AJJ thp-n- wore infml fttYmifttMe mjndttknto fur 
the i]iiiek aoTturrtnfucioti nf .^Umont^ in thr ^onr^ id' liwjgmmi al 
the FimU (if the m^iintujiLs r (Of Figs, aft nnd 4 ! ; 

Extent And thkkness The arr-n of rln-^ nlhu ini plnim i^ dfMl.uon 
miliw covering tho )nrg<^p?ofr inn i >^rn rl h ^TirTilFrTTRd j- " 
ptitana. almost the whoh nf rhr Pmijah, Vt\nr iV.^k di. Bihiir, 
Htniiffti and hal f n>f In width they vein fmm n nmxirrrum 

of 30U mill's in tin- western pin tn h ^ than un irnieH in rht- r-u^tem. 
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rut: pfjKitWM'KM-: '‘vstkm 

I'he- tnrni t htokfiesn of tho ulhivml deposit* in nut itswrUiim-d, but 
from the few barlings that have boon made i| appear* tjmi til-' 
ftbrdmm is riqiv than tfliwi feet below the lm-<] of the ground- 



siiHmi and ut-ark 1000 ftsit Ih-Jijw like level of tin- hi-u. All I lie 
horinpJi I hiiE Ilhvc hitherto ln-an mjidi-. fin Lhn purjHMo of oblximuj; 
ii Hijpph of iirliwtiwn water, have t-ulni to resell tin irnikv bottom. 









nenuxiY or \x\n& 





nor lift tv thrv shown ntiy induction cif nil iipjfltoutih even to the 

nf t hi allllTillttl. 

Oldhum pr*tuUitcd the depth ril the itlluviiim fnitri g™>hgird 
considerations To ho about in.tHK'i fcH Hear Et* northern limit, From 

whsch the itaor »h. »jx.-r. upward* tn jt« southern edge where it merges 
with the Vindhynn uplands of the Ikrccam Eeeeiit udmibtmrt^ 
from geodetic- surveys, however, give a much lemwr fhirkne^ far 
these lighter ■ ■:-11 - renting nn the tWnm Archaean blsd-roek, 1 

How far ftoulhwimb a hi- llnrn-r and Hawaii It dfljKwft^ of the foot¬ 
hills mne extend rmderoearh the alluvium wv have tin nurm* of 
dr i-rm lining* ejuvpt prrhupf hy pcophVsicnJ Thr depth 

of ihn alliiviuM is at a maximum between [ lei hi rind thr Riijmaha l 
Tj>! 17 ~ a r i r j it is shallow in lin j pm a rm and bet. ween Rn j m aha I arid 
A^iin, Thr Knjmnhifc! Anmliti gap i* of rerent origin, the t-wo 
bring Conner red u n rh^rpro i m d ai a -utlaII dept Is, The Hour of t he 
i ^nuffctic t.mu gh is probably nut an even phno, hwT'i'a comigate rl 
Ey - inecpTftl iljfsjtnq fmried ridgra! Two ^iclTTuigr^ have hern 
market n ut hv geodetic s n rv ev*; an upw ar p of the Archaean 
in rtfrnifitirr&i prolrmgatjim 'with tho Amvidli axis , fartween belhi 
mid Hunlwnr and ,i ridge, rmlmit-rgcd imrW Tilt* Punjab iJIrmuin, 
striking north west fmm Delhi to the Hidt-Knngv. 

The ftofmwarp which produced the Oangetir geofljncline (in 
tliifcs rn*e the tftthjddericv was riot deep enough to cany ds rarfkw 
bcntetitlk T-vfi level riactpi-temporarily at (In 1 t'legirsrssng^ must haw 
*tartOtl u* a ronernnitarU of the Himiiluyan elevation to the north 
somewhere in the miii-EoreiH?, Tin 1 dt* position of the debris of 
thr newly rising mountains and sinking of t he trough must hitve 
proceeded /mr i jmMii alt through the Terf iar\ up to late-T’leifltro 
rrise and snh Recen t tun ns. 


Folding and faulting at the north mugin—There is evidonoe of 
it considerable lunount of ilexuru mid dislocation at the northern 
tnniTrin of the trough,, imping into ihe adrift u ft lie VELrimi* boundary 
faults at tin- femt of rfi« Himnhiyu: jt b possible that a certain 
nmount nf fofdinganil fault iiu: extends southward* to the bottomof 
the rfnwnvnirp. At airy rate, it i« efcnr that the northern rim oft he 
grc^it tmngli is under considerable teeteuie fttmiii tine ro the pro- 
gre^pve downwnrpmp, with the grentes! flubeidcooe where if 
nirrgm mto the fnat of the nimmtjurt#. The HeinmUi inntfibility 
of this |^i n of Indin m well known, il 1>emg the lielL enc'iim] wiping 


*■ E 1 tiinisfLLn. C 4 riA «. ity x\nH>jjkwJtfew n.fLi I I thr 8lf Lffituiie' .it Hi* Knrlh T i Cru*t, 
yurt^i*/ 1*du K tWiriL tiuiL, 5 
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fhr-1<|.uiHntruol tin’ mnjotit.v of I fan known ^flh,,n«b X-rHi- 

'™, fM,N| on the . . Bihnr earthfmftko 

i. rv to Horn* mortal di*tu rlw. bntow tKt 

(VangeUc vnlley between Motihari and 1W# thf. cause of rhr- 


riJif southern limit of the trough fir<«... »tn«jtnr*J permiUri- 

l-icy or ffrtturiw of *my im{K>rtJuii?i\ 

Climiges in rivers The highlit chnotiati ut!*iimri by the trimlm 
to a I Kint iMWi fi ^HliiovFHcn^i^voT T t| t j 6 iTiTTT^r^j.-Trii^-T^r, f 

7 --- L — Saharan pur. UmOTa. «j" Ludhiana, W Ehtf 
1 imjab. The the nnm-nl wal^h,*! 

dividfltl the drafaage: of the t* a«, iJ, or Urn (Jan^yau-n,. fm.n 
1 _ *■ [,f tIlf! W! ^ 1 - fH»‘ Ttjdfii? and rivi-r* #jf tin! Punjab, There 
(ii>n mnrh evidence to prove- that lbs* not the old wlt tor 

[wiling. The worsen of many of the river* of the plain* have 
undergone great alterations, Jinny of tWi river* ire yi,irlv 
bringing enormoTiH loads nfsilt from i tif* muuntJMii«, am] 

,r f}h tllrir h - <h ' u> tb™ to the ofthu Hiirmiindiiig flnr 
I Olintrv, through which the stirium flow In «var*)ii&ibgchannel*. 

\ comjiHniti vf'fy trifling ciummatant* i* olilv to divert .i riw: into 
ii new it si i !srt;<i IhiIi J hr river Jiiinnu. the ^dvrel StifnvwiHf of 
fin; Hindu Shafitiw, in VWlc times flowed to tit- o-a through tbn 
K Wtorn Punjab mid HJi.jp titans, hv a diminel that I* now occupied 
h V :lu insignificant str.'um which loses itself in the *nmb fifth* 
Hikmirr iWrt In iwiree of tune the Samewnti took a mon< and 
in ore rtuderty eutinw and ultimately merged into the 4 hinge* a l 
Prayag. It them received the nmno of .Tn mrm * 

Mwr of the great Punjab rivers have frequent!) drifted their 
channels, In the time of Afcbnr, the Clmnal. and Jlirlutn joined 
tile Infills rtf. Dot, instead of at Mb lum lent. flO mike downstream. 
y ri present. Multan was then situated on the Ravi; now it, ti» 

W miles from the eon fl non re of that river with the Olierwb. ITS 


vHiirn ago the JWs downed „> old bed, which run h?j|] Im- rm;og- 
nisfid between Montgomery and Mull an and joined up with the 
■Sutlej neur t'eroKcpnr several hundred miles tijwfr* nn J 

J’he rroonis of the tjurd ocutiir)' n_i-. rdu>w that the Indus HowikJ 
; Mf vnl isiui, Ju3tf r 

! i/twr i J tt r^ri frW .V«'I ttfrWA IJ. 1 IH, t*&$ Tii^k uhmn ■ ^imnk iJiiiJimf. ■ 
-nuiJ. cp« ji ^.hi.sthI THAnn^tr, WM tlir kM'liifjiHlt .ri'lJii- jurijiit ! v uP ?J|.‘ hVi:> ■ J Utr* 
Uih I. Uieludliw dw Imlu. lurii. tihJvli |. «i|.fi. — : . 

iiuviu tr,th thu lotnjtw, twm aha Phhm, *M. vcl i*tv. pp, isit rus ritHV>: 

*rnr I iJKfftfn, JlFHrfl, A*uti, St„- Hrngrtf. VI,|. t!. ILjfrPl |rjj %J.‘Jiy 

iMriL.^I Cnuom^biuii, Th* Atnwi V imita, ld.in.lm. \u7k 













30f> 


OEOI.OCV (tF [ V] >I.V 


ni f .T«' than . .. tu ih" pHrrt. of if* prwnrt ««P*. riwT’Tigh tltl ' 

now praciii-uLh dry bed of A dewrU'd irhnttwl lo ttur Hmm«f 
<'nil'll. 1 which. "wiw then ;< gulf nf i he Arabian rica, 'Flu* wintering 
uf the [ruin* Lima a vtny jHvmrnir+n'tl phrnmn<in<rti. for whirl* 
mmol ratians have been sugEe*ted. An nM river l*ed, the 
Hiikni. S..tru {Ghlggar). or IVnhind. mure than #00 mil*™ in length, 
the i-luiimcl of ;i lost river, ia truce&blu irrnn Amiliiln near the 
fool nf the Hid* jdayau through Bhutindn. Bikaner and 8«h*wat|w 
tu fJirid, 1 fi in probably tht* old lied of (Jio Saraxwnti (the Juinnn 
when it was an affluent of the Indii*) at a time when it and the 
Sutlej flowed Initi*p*mdcnt!y of the Indus to the sea. «.* Hie R*nj| 
of i ‘uicji. The pneont dry river !>ed to the east of Sind, known as 
the Eastern Sin™, in either the old bed of the IndUH or. more 
probably. the uliannel of the -Sind portion nf the Sutlej utter the 
fiver lnul dfsorlrtl if, 

(Tin fjimmre . m.-r -i Mr*™,jo Ifi.iu, nitnm-d •« thr Indie- in Sind. 

Hinpp* -' ll 0 ™* of lin .dHii-nta in the Punjab. wt'fe |Jn>l>aM» 
abandoned ;vi n nmeh t'urlli r dmi due to the vngniH of the glutting 
river* and ilLho in their re iiu r ra lg flood d»pr*ritt, wlmli eventually 
h«rti"d Ihf'in 1 

{.rent rlmtige-. have like wine tnkim plare in Be lUtu I utul in the 
dnneurie delta mint* 1730; and hundred* of square udles of the 
delta haw Income hnhi table eifice then, In 1785 Bwmrrl. I he 
UTvttt peogntpfwr ot Ifcngnl, ofcwrvi'd the Brahmaputra Unwin* 
through Mymeiisiiigh now ir flrtwn 1" milr wcatwanta More- 
over, the l imn flowed Hiifthumd ilmmji, Jlmljpur and joi»«t «h® 
things; now it hrt'i rt rniutlMTivderly i-».tirmid discharge* into 
the Brahmapulm.* 

Old majw «f Bengal dhow tfia; hardly 130 year* ng* I hr- river 
Brahmaputra. whivh now flows tu the wed of Dacca, and »i dir 
elevated piece of ground to It- mirth known a* the Aftidhuptir 
jungle, then flowed » gvtsal many rail*-* to the fust of thw lucidi¬ 
ties. This champ* sppwi* to hive been uei'timplialmd uuddouhr . 
in the course nf rv few years. 

Lithology The melt* .ire everyw lien* of (liivintile and mihaeriul 
formation niusHtvn l*«fl» of day, i idler -..ndy Or eakiuWiir*. cm 
resjioiidiiig to the silts. mud, mid »:*nd of (hr modem riveMi 

* IV Umiti uf Joum. ttov . v^L xl . 

* V. K OlHtwiTii. On tlw JiiV-^F 'if thp Imlrali l**9t*. H*™** 

|g7^ 

^ VkytirtilftetFpmpkw |s/ *m*W/ T /i™ Wfl Hiiti » rvifntfa ilf N*lj> J, H&tmly 

i 7 - 0 * 4 - (f JilriMilH, Ifa^pfn! ftwmrntiA** IftBSi 



'I'HK I'LKHSTOCENE SYSTEM ; ift! 

Unvol utnl wuirl bcnpoiDB sairwir as tJiu dislwnx- from Un* jtfl fo 
liieJTrtM-* At Humf depth fmm the surface [.hare occur a fan 
IuhIs <»f emuptiet >*mt* and even gravofly omjsliijuerni^, A char 
ofO w tikycy part of the af hi vial plain* . fmrtfaSbrfT")* 
tin* ulrJvr part* oTrJiE- is tlw abuiidiot dissent iwtfton rtf 

iinfiiirv valmmtma mutw in the farm of frregukr oonawtlmM— 
haafoit Tin- hi mint am «f Kunlun opnimfLiiiruj is dttt) (<r the 
^WWjjatkm nf the rnlftareiHis nm tends) of [bo dliivi.il di-prHit* into 
of n«(ule». w.mewhot likefchefornmfionuftliot inlimestone 
I ill- alluvium of wins district* crmtnin* ji* much .10 jn.-r writ 
mlrnw'ii* matter. Some nmnTtioimry limouite went* Jikooin 

in the dnyn of J^-uunj umi Bihar.___ 

GUssili ration Wit h regant fe> tli rjj?t*>lo)ticnl dfts*iflciitkaT> r the 
nlhnrkU ilftHOBt*. tin vnry distinctly marked!stages nf deposition 
nujiir, i lie whole being one oontimjnu* am I uonfarmable series of 
iti'poiot* wJiow'fic. iirjinhitiim is still in proems*. But ihe follow ing 
division.'! (ire adopted for !,hs sake uf e ■DvenK-iKv dnttirinknl li\ 
rile preaefum in them nf fnwilfl nf extidoi or living species of 
mammals: 

3, r*nlhiL.Mie|>««t* t .f ifie Mu*. I In- Umhv<-* HOs He-, a I 

ST^wytt Hliifvimn i ATmriijr of ilnr Punjuli. 

F ^lk Hnhititfy luring MiHii4in£ relics uf Mini, 

F OW.'J dhivhoh . Nhttnptr fif (hr- Uiifigro vujSi y, 

yOttttJ* mJ>ynu* t Ki/nrr* niilftWifitf, ,1 /otip* 

i/n/sirpj'mj, I?xtinrt of UMn^wrr^ fiippu* 

piWnr mu*t i*te, 

-_-^ — _ 

krx L* uf or i known 'U_v nstfUid^LN of thr /*uwjrtu 

ainJ ffrlitJumiu* uf j|u ptaitluuln ttJilJ ni .Vji^mi t:hl-r. Hirrrw aJlH 
•S 11 .■ viJ ti 1 fif (In- flub Tf<niAlayaA« 

The Bhangar Tin- 8harf>pir l or ole I nr Alluvium uf Ikiij^al and 
itf Ut uir Pmdr^h. cttm^punib in oge with t he Mkldltt FJt-itftorniir, 
fthilo the Khwfar gmilnnllv into tfer Itccum. Thrt foriunr 

grtn j r?ilfy nmiZfim Thu higher ground, forming *nmll plut^aun 
w hitih itfi t(io t»7evail:4Nl Lo floqdt'd hy tho rivi^rn during fheir rn^. 

iHjmrwitfd x*\ Lhu Khiusgnr. thr Kh nhir, tliungh m?wuriongp, 
ncuupir^. i Iqwvt levui than thr; fiJiniiT, Thin, uf tTUiifM-. happ«M 
iff ricinfurmity with ifm jidndplc rhnr ^ n river beoomr^ uMer in 
liiitfi il- lt |M=riifri Ih^-hiu' pfr^grt^MVuIv yoimieer: And If tint \mi 
uf rfu m-er un ixiiitimuiMy riuking lnii"er + i\w Fitter dupuaitei occupy 
a luitr-r po^ifiini along iU baso ilmn ftir curlier onets. 8in;h i» flu- 
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(<n!Ki W iih all old river deposit* f '-.j t- river-terrace* and (hwnl-plnJitH J. 
KftmimiiU of rlio Rhnncar (mid ore being emded by nvi-rj 
in Urn direction of the river channels, nod ore J>citig plotted down 

by iheir rm-ntiilrriit^ tdidiMN 

Tbo KhmUr. The Ganges della- The Khn-lnr deposits a tv. n* n 
ruin. mmflued to the vicinity of the prewirt Hhanneb. The Way 1 * 
lift VP If* KiUtknr, nnd the organic remain* entombed in them nil 
belonj! Lu -I HI living species of elephants, homes. oXc». deer, 
buffaloes, waodfliM. lishe* etc The Khrnlnr iTnpwrcpI iUy 

.. into I In- deltaic mid Other accuiiniliifiene of the jjrchi nitric 

ijnif. The della of the Gunges and the Brahmaputra in merely 
the Hwnut] prolongation of the Khadar deposits of the renjwetivi* 
ri v 4 , f . v alloys. ! i covers an won of fid, Dim stjnore milet, compiled 

of repented ul tarn it Li tin* of claya, sonde and marl* with rcourrinp 
layer* of poet, lignite and Home forest-beds. 

8outhertj Bengal has been reclaimed from f hr sea at n lute date 
in. the history of Tudia by the rapid south word advance .if tin: 
flange# mid Brahmaputra delta through the deposition «l enor¬ 
mous loads of sill. Fergoason has stated that only filHio years 
ogo the wo washed the Ha; in ah a I bills and tlml the country round 
Kyi hoi w jm a lagoon of t hat are. mx waft also n jutrt. of the province 
of Bongo] ai a litter dale. The cities of Bengal nil became ostab- 
I idled as tbn ground became desiccated enough lo lie habitable, 

uiily .il.oui h ini i yours ago. The diver? it.. the Ihuimiapatre to 

tlic cast .if Mndhupur some vcnturiM ego and its later delieolinn 
iijiLtn to (ho wist in the middle of the nineteenth century arc veil* 
recorded events* Tills diverted portion which broke away from 
ilKcpurf-i in join thw flanges wiw fmined the Jumrao. The eastern 
M-a tin of tin- <lclin i> L-handng al a rapid rate by the formation 
or new ground and new islands, while the western portion or ihe 
delude coosl-lim- him romatoed practically unchanged since Ren- 
ncl's surveys of the iTTO's. 

The Indus delta Similarly the fntlus delta is it continuation of 
the K hadin' of tbc I sal as rivi i I'liia delta is a well-defined triangle 
itiih its apex lit Tads; it in of much smaller urea 1 lain the (luma 1 .-, 
lii-lln, airu H it is probuhfa (tint the present delta is not of a very 
nlii age, hut Ls of comparatively lute formation, From old maps 
id Sind It i- found (luii rite di-lln hu.* grown in siOn considerably 
dnriio; let" I list nr i> liriii. r uml I lint lb" river hn-t -n uni! from i.hc 
tlilif oft urn buy In (lie -mith tii<'ii|*' Mim;v in t tip north-west, 
freifiicntk "hanging the thu racier ■ if 11 in comet dine. 11 is inferred 
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frum various evnfoiwct that the fiijiw, within histories lend 

h vtiy much mitre easterly diuirvn?. i*inl disrhitrjp'il ti* wrrttu'rn nr 
first into the of *a d then [nt<> the Kami ufCtildh. 

f{('th m bind and f'ntclr (.Jitnr imat popular trarlittnin n* well n» 

physical evidence), to support I ho inferno jSer p. aop.) 

Ohw.Tvn.tinn of tile KJiadur dopcwlta of tJw Lowr fiirfu* bavin 
'ii Sind ’'hows r Imi thh strip of country f» U'iinr aygrutinl hv I ho 
ih'jM.-iitirm of -ilr hy the river, till „i pbi - the Induct Ik'O i« r i,-«Hv 
~® fr-t hii-iur (him the level of this stirmumline country The 
river ttow i« in danger of Just ing Sts bed in fined time, Thu mill. 
Iwceril hi-ii.ry id ri, f - rnij pH'Vi-u tlint fmi'Is dCJMlflipD of rln’ 
rhnrmi'l tut? not Isern uncommon end Him iJu Iim) tuc him wandi'wcl 
ovit 'lie plains of onaiom Sim I jiij.l _\.w i nfdi over a wirlo 

amplitude of territory , mining the lovd of the minded . . . ,y 

by ihv itrmiuil deposit of vil\. 

A IW other voninowtiir terms nav eiupleyisil to dmiOt* 1 viifjoti* 
HopcrfidftJ fr-ata™ of ^luuiojil ImpurtWv in thh Anr n: 

Bhnbff fisnoTen a pmvul lultin *rjlh * flume what atvep «|m H - 
T ringing the enter imiridiis ..f the LiLL^ |i 

thi» rillNYial fciri* or dry deltaic The riu^ in eroding thtni W 
tfaentael vqb by Tho nbuhdiijU perDohitioti in ilic kaw 
grrm'fe. The ftodeiit will here nw Hu? azmtmry of (hi* Khibrr 
gnivel wifth the Upper ^iwaiJik couglumeruh 1 '*. Tbs laitt^r htv , 
in bust, old Hhrthrr Hfnpo seaife-d up into euugkifnc-niEtM hy rim 
iirtHtnifinn of n eemenciiig matrix 

7>m* iK theduwly fomctml ami Euundty wm be loti rhe tthnlu-r. 

I n thes?f L tmots tlto water of tho Bhabur *ta|xa§ te*pprrti*nnd nmm- 
trtinR them in a permanently jtiarahy or swampy mtftiniL 

7 'ho term Bh ur duiml^ an denied pieoo of Lind fdtniited Jilmig 
tim hanks of the Ganged and formed of uceuniijku*J wiml-hlcmii 
lf flnds 1 during llifl dry la of. moiil h* uf the y<aar« 

fn the Wrier part* of tho allni ud phimn, a f>eeuJiar#gLlmir tfllorrfl- 
r-efit pfodtict — lith* or k>thir — i* found wvoriru; tbn ^nrfai,^? affnl 
destioying in grent ineinuin- iU ^rk'ultnml feiiiUtj The Kidi 
nalE.-f iirt^ n misttuio of shr ciLrl.KJtuii« 1 -ufpJiatv and ehbride nf 
^rxJiniu together with ( .dchtfu and irjagm^juiii > (ii rivixi nrigiii- 
nlly from the ehortiiejd di^ruUgrutkni uf tiie tb-iritiu of tins nintm- 
diftaolvoil by jk-mm duliny w.\ter* mid ihfiai ojirrii d to lh+ l 
sttrbnv by uapiDary U’tiuit in Urn wj.mi <lri w r:dlirr jh “dV4.J 

Mio /vrf - mI SjihJ afp dL.ilbm or ^Ulte hik<tfl 

t iU*. trn. |-s . ' 2 , h-in, . ^ lixini,. fV|*rr I, \UH 
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formed in hollow* «if Mir ^uid-dime-^ The wall*. aarbonat*. rhJnr- 
kbmiri milphate of Hodiimi H me brought hern by watur pftrcgktiaig 
tliroiic'h thf blown omuls and aw wHMiliitwl in tin- hnkim, which 
form iiiitj*»rtJiiit irnieoiitmtioiiM of mtiroii al sulfie pliur*.* 

Iti the aJIh viiil trait! lying t*dn<vii Sind Ami * iim-Ii 

I hrnr L at*- llkewiist- Ibiiijii btr*jxvd h«- In unit Icn-r* of pure ftak nab 
hnried in ihv smd drjHwil a. Thr i^lat ipiiiiility of flJill m» burial 
lh of thr nf --'ViTjil million l^ii- 

Econ^niica —Though mol- puwewwil of any mimi-id r«4oure** h 
t hr^ti ihlld 1 - ind [ilnsiiN air ihtt id^heM *■*■.. n-ini a a«a*t of 1 tulid htw/mue 
of shrir »grfaiiitnt*] wunltk Tin- nlay* am an unlimited ntore for 
rtule earthenware aiul hriek-making itinkrid* niiirh t* thv only 
iHiildmc inoirmt throughout tin* plain*. white thr Ivmkar U of 
mn?( exEerodvr une fur linn - and iTiio-m linking and ft ho ft*r riwul- 
ftoitttriiulifTm Th&a pkiii* -inr till iitimftnw iv-~i?rvuir of fresh 
nwettf wart] 1 , ihrivil in the ifiOrr pnoo-, iNTiipger .struts, I'Mnutth 
tin levi l .if i^ktKirtiiion. which is 1 -troly m n ^sihlr by mean* ■«! 
urdinun boring in thr Inrm cif wells. Thr few «leep boringa Unit 
have hifn mode hifcVe given proof of lisr jirt-v&knue of iult-dhn 
rouditinijH in -ornr purls of I hf- phdun. and in a few eiisa-* aMenimi 
hormgt* have l>eeii made with »itm*H£fhl resntti A Mouderiilile 
amount Ilf \m- ^ttrmfp>i± tut^-well boring experiment* in 

(hi plum* *t many ptatre*. well-. of large wdibffr mid of u rtnjith 
of frtit an- oipplytrm water for agrh-uHural who til klidit 

unprotected by irrigation, 

Rajptitanu desert — Of the mima age a*, -rnjightly newer than 
the itiiiiviaJ Inrmuth unjust dcmirik b d art- ri.r- ueohnn iicrumiihtioi)* 
of the pro'll desert t met of India. kn-nvn tin the Thnr. Tlr- fliai p 
i>r Kajpnhtnji bs one- wiilr t-ApNiwso oJ wiridditoa-u .^nni 

ftT^irthitig from the of fbr Araviillka to the hii^n of tin? tiiiiua. 
and from tin* Hiuthcm cmiflnrd of thn Punjab [dainn, the \m#in >>f 
thc.Sntfoj, to ib% far south n- I at. . occupying im area mo 

long by 1 no milr> btorvl, eon reeling liofirivth it nitirli of tbr *o\M 
goolnjjfy of iho rrr^on. The desert i> nnt oho lEo-i level motto of 
iwimb. -im a- t|if-f i« ure iminenrilie rricky prujcDtiona nflow rluvatinri 
in various pnrt^ it and it* nittffire further dtverailied by the 
oft hi pm .liting wiihIh. which have ht^aped tip tho-indK in 
jl well-marked w-jiea of iWgew, tlinn-N arid liillocka "tTir rraky 
jinniilia iM> ‘ which 'Eami up aia>vo the *:ind* laddug to the ofdyr 
na'kd? of "In 1'MiinErv. pr*-fef a rit m>: hi ihrtr hare, Mild utoi rrmudnl 
1 Slom.OiE-1. m.Mhfku pi. IUJS. 
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outcrop*, >1111 f 111 fheirniriiitiNly wont imdwUid likjftttl fcopogmpfjy, 
^irikiiii£ iHiiHttJii it mi- i>r Hit phenomena ->l (W»rf irrmmri. The 

JWIMmiWl by tilt HJVInj llilfcl l>uU of #| .serif* of 

magnified wind-rippled Thuir strict* L gnipmlly Iromm^e to 
prevailing wind a, though iji h »* J y rim.ne occurring 

in the wutfaern pm of the desert, the strike i* juimlld in (be «md- 
dirpotion. In both obssu flm fnrtuAiiitJii of! the j-uiin brainy i-* diiD 
to tt'ind-neiicin, flm h laahJLl ly\»- being diMrartorintir of purl * 

when? fill" fori-t? of Elio wind ia grout, the lraiuawsrao tvpt^ being 
i Ink! 11 t r =1 1■"■ C11' ■ *2 lie inert dihEiim fa.1111 11J tie- ili‘^rj'1 when* that 
force has nl^tod* I tic tpindwfl irj dupe Iring, gentle and mnln- 
bit nr v. while the opposite nlopt- i* more abrupt .Mid *teep. In the 
HQiithcm purl of the desert Ukwu ridges uro of mu^h larger *bw?, 
often assuming the magnitude of hill* pm i-o 400 ftu*i Jiit-h. All 
the dimes Are slowly progre^inj? inland. 

Composition of the desert sand Tin mmi pr.r|i,m ermm earn 
proiont of tin mud a*- qu&rtz iin ui-J] euundiHi ^ruina, but fbi.-pur 
nnd hornblende grains aUtn ciecm,, with u Fair prnjuji'Hnii of - d<nr- 
ociinj nfftiniB, Flic kt-tor lire only uf matin** CbmninifersiJ 

shelly acid help 10 suggest Hit- *iUy at origin of the hands with 
which they are hiEillnitolv mixed. 

\j? is iifin rocteri^ t ic of aiJ[ iu^jInui Mjuiib, the wil grj&iim nix* well 
mid uiiifbfmJy renmdod, by i fin rwfluol^ attrition and nortmg 1 Jn*v 
hnrr received dining theft iidutnl drift. In other nmfmtitn the 
liftjpiktuiE sand is indtslinpfLLjAlLiihb- bum the -mid of E lie mit-ih&m, 
Origin of the Rajputena desert Tin Arinin «-f the Indian *lwrt 
w a tt-ri tinted jn the first InMam-e, in. ,i Jong l oiiiinnthd ind ei t rmim 
degree of aridity nf llin region, ea nibtoed with tin mirirj-drifting 
notion of the Hum b-uvst monA ion winii* r whieh *ue*ip liimugli 
ltej|intnnii for several nmtiih* of tilt- yenr without pri-dpibiliiig 
fttiy purl of their contained juncture, Tlu^+> wind* tramporl 
inland ctoudsof dn*r nod mand-piutieJi^ derived in a great incrnmn- 

from the IU 1111 of ('ntch mid fnirn Dn? mid m pan 4 lJm« 

from the banin of the Lower IndttB, Tftorvbi hut littl^ nunfnll in 
Kftjpiilafjji — tho mean nnniifLl fall bt-ing not Hindi nlwvc ft inehr^ 
mid out]ArN|iien(Jy no ujtor-ucriion (■» mtry *iiT tin- detriui* to 
the sen, nn<l k^nce it bets gone op neemii 11 fa ting- yn nr P ifW ycur, 

A certain proportion of tin? dvwri «mid «* dnrivn] from ihr 
Vrentlienwl ij#bru 4 <if tie torJcy praiiiindii^* of tlii- Cruet, uhif-h utv 
^ufijocl to the irivat dinrnal n- will a* Kmaimnl rtitemnlfoni of 
Wnipcmturr cdmmoUrristiri ofnihuid regions- Thn rlnify turint ion 
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ol lm%l mid o««lri in &omo pnrl> of ttiijpuimin often arm Uni- to 
lim Falir, in tlie ■mu>r oi few hruirt. Phi -imhoumI dtertmfinn 
Lhf greater* This to a mfxrhiuikul iiiwntei/ration md divvy un* 

nuifi^ of the rocks, pn-rfhirmg an nJmiubuu.-i? of loose debrk 
and there is no chemical nr rtfgunir (m*. InmuiK? art inn in ctmverl 
ill Imo m sad nip 

TJm desert in not alt^grlhor, a* the hjuw- implies u drstfluto 
treeless waste, hut does support a thin wonihby vegetation litre 
and there. which serve* tn relieve the mu tally dreary anil monoto¬ 
nous of limiting ospaneos; while, in i\w ndghbourhcKKi 
of the big Uajpnrunu cities, the noil is of such fertility I hut it 
supports ii fairly lnr>z- nmnunT of eidlivaiinn. Welts of good 
water abound in soinr- place-, admitting of sumo measure of well- 
irrigfltu >n. 

Ri-1 1 leg t h c ii Iwive i \ osr rs \ as l f eai u res u f t he pit at I nr} ian «3 esc rt. 
clip Thiir offers instructive 111 List rat inns of the action of aeollan 
agpnriea- As one passes from Unjfimt nr even Madhya Himmti to 
the country west and snath of the Amvnllis one cannot firil to 
notice the striking change in 1 1 1p* topography Hint suddenly lie- 
ixpnivn: apparent. in ilic hare and held bid-im^c* and the peculiar 
sand-blasted, (reeled landscape* one see* for miles Mound under 
a clear, cloudless ak>'_ Equally Apparent are the abundance nf 
mechanical debris produced hy the powerful insobtjon T the dis¬ 
integration of the hare nick-mi rfhet* by di^pjiimuT.inrn the saline 
and alkaline offiorosccnctej of many parts* and the gnu-nil absence 
of eoll and humus. A mom subtle and Iijw minify un<ler^t«fw>d 
phenomenon of the Hajputaiui lieocrt lh the growing salinity of its 
lake-basins by wind-borne salt dust from the wu-tviusto 1 
As stated OArltar (uii p f 5 ), the Roj putntuv desert i* of recent, origin 
within historic time#, There is evidence that the region north of 
Out oh a ml Nonth of the Rim jab \va- il fertile and forested t.ruvl of 
wrant ty v s u ppo rt i rig well j-m putut cd ei t f ovori so late a * the f a i uc of 

invasion by Ahfximdcr the tJre&t { 31 $ Old rivera Houing 

through Kajputunn (p. !ur\ v fought it losing battle against the 
Enrmdi of the flesert mid uro now tmccEilib only through f.hcir 
dry* forsaken chan nub. 

The Bonn of Cu&ch—This vuhi ijesi coated plain terminal™ to 
the south-west in rhe bread ileprc^iou of the liann of Cutobu 
another trtwt of the indo f hingciiy dcprenaiun which its 

present oonditinn to the geutogioal |iruc^M^ of the Hiwtoeeiui 

1 ft*' w.iL Jit. i F J<7, ^>1 * 4 ' -±' t. vul. CUT. pt. J. Jiiti? 
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ti#'. Tliih lfart f, » marshy {limn htmwJv «In»* •H*a-lcvttl 

ijrv m vm |mrt of llu< year and oovewtf by urutw for tin' nrln>r 

T rU n ' ?** M 1,11 inht * tb ° *«&»* Sm. bin itW W 
""A"' 1 "** '«■ tf "- ^r-rnmui. volume olM-trin.., pu, lra | fttin h 

Hit' HiualJ mi™ disctwrgtng into it (row tte wt jujH north' 
"S I- m. h XnvttmbiT to Man*, that is, .Turing tlu< ,*ri„.{ of the 
nnrxh^M or wilting mapsoopf the Rjmn j* a bump tr . lir| „f 
c it■ nnlt-^iiLTiiMofl mild, u nfivhn^ iiM M ,^,vdMa 

uesdutinfi. tJ 4 t unbroken aurfiiw of ikrk silt, Imkrd by the 

11,411 mi1 * hlktereiJ by mline incrustations, let iaj$xi op| v by the 
'mnp radM of iWfingiy wfute *a]| nr t-xUmtW* hut 
, l,r '!nnrrnirar*>rl brine; it* iiitanho aikmi dr^latem 

J * oppfi srifl save by chance a stuwly putting cats van nf 

nr hurd of wild itsHea, there j M nothing tevoiiij & f ( . w 

Uh adu A "kdHoiu. nf salt dried flail nr mimim t.f 

brutiglif diiwu liy ttwb, to maintfiin a dial urn aiul dhiumi isau 
tin'llrji hoUiwp it and lift?,, which it 1b utterly unfit te nuppiifi** 
Durtf^ the niher half of thu ymr it is Hooded "by tins waters of Ole 
m +^ that nre liHrl hack owing to the rw of tlir» by tlir smith- 
w^r. tiJi-ri*onn ^ui'-. very Jittln d&pircdoii t>f thin tran-i would 
Ihi enough N> atinv.'rt Eitfifciawar anil Outflli into Mauds, On the 
«si her liiHid. if dapmssioTi dam pot take place, the grwtm ]>nrt of 
the amriick- uft hr Kftnn will Ihj grwjtiaUy raid'd by lifce ^ilu brought 
« v thti r!vilfa with diNprl. and in course of time converted into 
mi *nihti> tract, above the reach of thueCfl^ a contimuitiop of tJw 
mI fII v ini Miii of I iirjnmt. 
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*t. Fpntu&wjb, IMu nf tlio Uutgm. Jmmtl ilir <Avi‘»ri<nt 
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THK ICNH M>TBM !<Vw.*W| 

lateriti: 

Laterite, a regoliib peculiar to India-In this nfli/iplff a<- shall 
consider hiterito, a most wuti sprv'Ki llmliirtmt formation tin? 
iVninsiilj, .uni Burma. u product of siitmcria! Altera iron highly 
pcculUr 1,> India. fjLteriU: in :i tin hi of ragolfth peuuliar to India 
diul ,i ft** oilier tropical countriiw- U* imivcnsat dbtrilwtlon 
within l)ti< urea of the Peninsula, and the • inn runic cunt* i derations 
(lull have of late jmtherod round it. mi lew that) it* otmrnro mode 
of origin, mnihiin- to nmke |Ateriri‘ an important subject of ’i* ud> 
in the geology of India. 

Com position I*ftloril>’ is n kind of vishnUnr clayey rack. «•«- 
pnsed essentially nf :i mixture of the hydrated oxide* of a In minium 
uitl iron with uAun n sin nil jXffmitHgn of other oxides, chief art) W»g 
which are ttiangaurao and titanium oxides. Tie- two fi rat-mo tied 
oxide# are prawn 1 in variable ratio*, nfttn mutually excluding 
mii'h other. hence vtc have numerous varfcricH of Utcrite width 
have bauxite lit oiieeml ami un indefinite mixture nf ferric hydm,v 
itfe# at the other. Tin- iron oxide generally preponderate* and 
gin-- to tin* rock it# prevailing rad colours; at {iters the iron Im.- 
concentrated in oolitic eon eret ions. fti other pbewrit i# completely 

it.. leaving lho rock Mem-bed. white nr mottled. At -mir 

plin*«. i main tin- iron in to pi need by muuscme«- oxfdrw; in tln- 
lairritle cop <nn 1 1ll- Dhitrwnr ruck* this is particularly tIn' ease. 
Uthnugh the roi'k origin idly ik-scrilicil us lateriio hy Buchanan 
ffx,tn AfniJiilinr doe* contain day (Mid ooiisfdarabln anmont# rrf 
combined silica, in the wide terrain* of what i» obviously the nw 
ns-k in other parti of India thorp lit no day (kaolin land the silica 
prc'-'iit is •'•■lli.iil.il *itnJ mriilianiiatty nwociatoil. Wooitlbig to 
pra^fiit n*jigi" it i- tli.1- luiti'i, ulav frecnxik which has i tonic to Is- 
ii.yafilcd a. typical laUritc Aiennliug to the |mj|«n<tera«cc '■! 
uny of the oxidtw, iron, aluminium. or raanganow;, at the different 
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rfitf Httk rnii> 4 ftiitnt n workable o*t. el tJuii mi>ML Vhu 
**■* w^i Uw* ln»-rit.ip and i f,r■ uii<i<ndjdtH± ha~>\f „ r f >U„ r 

hirU over whMi it ™\*. then » ji lltho.Margo-hkv writ, or Ih.),- 
a win .1 transit muni pmduet, showing it pnjdual i„i*-hh,. ,if thir 
uridrrlyftig mek fbaunh orgneiatO Into bledtv, 

Lftterito In* the pwullur jiwpCy of briny MiJ't when newly 
<liu*m. .i. but Is-roming him! mill conijuaet on t>x|*.-uiiv |„ if,,. >k ;,' 
,,n "f'his property it is tumidly out. ijj Iho firm of brick* 

fi.i building jiur|-sv, A ho |n«*t fragments mid of i|„ 

riH-k ti'ini to n^<mont tlm metre* into hi did nm?*-* ,,j i-uniMH 
«* tin* nrigituil wink. * 

Distribution of taterite— faterite ocoui* prfnijfa&nr a* n nu, on 
l "' ^ttiritft <>f the iwiHuItio hills und plateau* of tin. higldnmU of 
thn j Vewiti Madhya Bharat mid Undhya Pradesh In its l*nd ur,| 
moMt typu-nl development it wain* on the hills or the Bamtiav 
Ih-i H Jin In Jill those srttnttJanfl it & found mpping the hlghi-rd 
™ WH ” r ,,u ‘ r)et< ‘ ,m Traps. 'ITtc hoighi nl which Merit* i* found 
v«H^ from -il*oiit mm foot lofilKH) foot unci wnsalornhij ftMi.n 
if No ierrttginou* Mays -i.nl lithoomraen of the X.li-ipj rutwniwiiw 

*”■ I,, ‘ '^Brideml im - mi, of (he irirm v mMilkriitjoii.. nfthl* rock, 

Jn Ihklinm* the Lid attic- onus vary from 3fJ to m-nudy 2oo fex-t 
HOnlt ‘ ,,r itn <*f small Mend extent. hut otbr-rs nit' very ex* 
tendvo mill individual tied* on* nfton covering tut iiuitieiiHc 
oirfiiop of tlit* country continuously. Mterile In by no mem* 
Wntiftrd to the lJcc«in Trap area, but i» found to extend in jan* 
-drvl outirnjM. from as far north n» the Rnjrmthu.1 luTb j u Bilinr 1 
*° 1,1(1 southern extremity of (he I’ontamla II extend* to 1 fey Ion 
alien- it forms « thick VWnSag the pek iuh! khunditliUi. 

In thtk tonalities the I rue rite rents over formation* of Various agm 
and of vmtyiAg Hthologieut composition, eg. Amhuoau gimLt, 

uharaHr Hrlib*t v . .. rlnys, etr Tjitoriti' is of fiiiriy ividt* 

orciiirflUlrtt) in of Kurinu ftlgn. 

High-lffWl Interim and Jowdevel hfa ri t * llie lukirite of flir 
above- noted arena is all of high lovel. f,e. it never cxwurx on «itoa- 
tioiis, IhiIom ahntit 2H(K) fi^t (drove seadevd. Tim mi:l cliiirju-itr. 
istii- nf ib- h- ocnnnenav is of manslvo h«iiioutiiiMiitN gi-uin uid of 

liinfiirfii ouni-vit. . This latontc- in iltetihgufelmd jo* hiyh Uirl 

hittrifr, to ■lifTi'-rent.iute it fmm the hiv-lrr-i fatnitr, ||*,it ..r.jdurs on 
tin? LotMni Jcnv lands ori both radts. of the mils, i.vwt -uni iv*-st. 


* TTi-.«• Ii-m «to for til" (rt«t |»rrt i«nij>wil «f DM. ... ailditluu lu » 

■iinatretulit r.f I .OuUHnna AH-kn llw Muuiuii v! Llir i*h|» . ..vn-.rl w.n, Ur«mt^ 
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i in Mu ]li box kit It* ii* neourii iiec* lire few and indmcd. hill uii 

tin < udern con a the lnUNle occur* almost everywhere rifling from 
IwiicMh Mir uEJu\in( iraetti whiuli fringe the const. Lntorjto of 
tlir low. keel Lind uotitir> a1-ho in lliirma iri Pegu and MurtuburL 
lv.iw level Interne differ from i hr high-levd mck in being much 
md in being of dntrital origin, from O'? Nrfng formed 
of tliii product* uf n«5obftni^n I dijiitiuigratiaw of the high-level 
lulerite. A* u fuefetyfle* luterite cannot bo sail I to GqfifrtiCule w 
ijktfriut pttoluLueal flpociaH: it hEjow> a groat deal of variation 
fibril fikn> tu |jl tiee r j_h regards li-otIk tU structure uml Lts oompoei- 
tion, mid no broad ck^bkatiim of thu varieties in possible; but 
lKl- above di-tiiicriiou of i Lit two Lyf mb of high und low level its Well 
established, anti la based oil bln? geological diiTorenoo of age as waff 
fta tlie origin of tbf two type v 

Theories of the origin of hiteriEc The origin of krerttc is inti ■ 
mateiv comiecitd with die jihyHieah climatic and donudEitiond 
i l t wurk In liitliiL, The subject in full of difficult lew. ami 
although many hjpotbctw^ 1 1 nvo been ailv a. need by diflVroiit 
geologist*. ihe origin of iht (high level) In rente it* ua yol a modi 
riAbftU'd quiHttoth Ctou ^uiim of difficulty lies in I ho dlemicnl 
mill wigregntlve duingfes which nio ennKtuntlv going on in this 
reek, ilim! wludi • ■ hi iterate the previously acquired structures and 
produce a fresh arroiigemeiii. of Hie coiintitncnU of the rock. It 
i* probable that latetitcs of all the ilifforeut places have not had 
one wmmnft origin, and that u-ldi iy dtveracid view** are potaiblv 
for t}n origin^ of the iliffori tit veuklii ■ 

From ii* ■,r^ienW structure aiul uh fn^jumt a^uniUmn with 
hrtwilu, it a 3^ at first thought to be a volcanic rock. Its auWorinl 
nature wun, however, t^oon reoognked beyond doubt. anil la Ur im 
it \va« tlmughl to be an ordinary sedimentary formation deposited 
el I In? r in running water ot in lakeland depressions on the surface 
of the trap. Still fator tuiws regard the rock as tiio result of the 
atifracriHl dtKinnj position m tit** of basalt and other aluiummid 
rock- tiliftiT a warn, huniiil and inoriao^do cLiiiiate, Uruder -.uch 
eniulltioM- of cUnuiU tilt de^unpiwLtinii of Uie djtoal^s, i^jjuemlly 
the nlmninourt ^ilicaU'fr of iTysUltlnv itwks. o nLup Jurfhcr. 

nnd iiiftead of kiuilio hung iho final priHimti ofdcieompo^uon. It k 
further broken up into *iJjc* and tha hydhdod oxide of aliiinixuiuo 
(banxiti 1 ), The vitnl notion of low Tofirui Ilf vegcUhlc life was lit 
mm lirm- iiuggcwted a-* supplying tho omirgy twniuMry for the 
breaking- oji nf the siJioiiE^ t-> thin atiigc. Tin xtlicm k fts- 
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iidn-'il in Mul.llUMi and the ulr* „J ntkalift nttl alkaline earth* 
ik’flvHi Imui Hu- ifn-TJinpoMtiun .-i Ihe fcfrffjiui*.iiPsiA,i ani j ,,[,,1 
mmttu* Aijjrftlf* an di«snlvwj itwitv by poreotolrng wator, The 
«<in iumn^ luumfiu, nod iron ■< sales become mom und mott> con* 

«'inni inland mcehmuoairy mi ml with the other prodiurt.* 

IdxsrwM tii the proa^* of decomposition. The vesicular or 
«truKUft>. «<i dmrm tfrLhHr nf Jaterile, is due to muiccuinf Mantum- 

UnrMalfiftg pi. among the products left behind. For (t ,um hum* 

4,1 •• •'•“-«'!•>hi* hi!i-nlr- nvfihfnj sih’nf |imIj.im<*h N. f>'a\ iiNi-imijr! ' 
,\]f. *T, M MrtrkrrnMn lured thul Entente do|K.wiir* iirodut* iJiftii- 
mutinuiimitji! replacement m. same raise* rh<* irmdiiuiifsnJ reiil*.-i- 
luont) of i l,f soil or milfoil by the agency of nimernllhed ^.Jurjn,*, 
bmu^lit up l)i the underground perrolnting waters ascending by 
capillary net ion T-. the wipcrfieinl xune. 

J'rnm the highly variable nature nf this peculiar rook, it j* 
|K*ssihJn tbit every «M> "f the abovo rmuscs may him operated i u 
the prod nothin of llm lutenTes of different pari* according to 
particular hmiil oondilimiu. and that no one hyjKHJiCiflia will lie able 
l" account tor all the I uteri to deposits of thf Indian i’enirwuln. 

Lulkrite I'liiiL-I hkIsi— are sm bjotrl; to seoondnrv changes, a futit 
wJuvh inlnaluoes fort her complexity “ Dmler oumlit ions of free 

dnaiftgt «ih| high rain full (I'.Sftfi mm. per year, or more) tluj 
Juterift- may accumulate without murh further change, the soluble 
product* of hydrolysri I wing rapidly lost by leaching. On the 
nlher hand, under impeded drnirmyu con dir inn* and alternation* 
of wot Jimi dry seawntt, the Huctuuting ground water, carrying 
dissolved silica and boars, may eflecit; a rnmpleio change in tins 
latent*. ahuwr uihbritc rompoTiMit, according to Harrison, fct 
wifi verted into setsondarj* kaolins, stained red by by rfreiis inm 
>mdi* residue*," In tlii* manner unran nnthoritlw have explained 
iln- formation of the vast masHtts of rod earth capping igneous 
i >Niti-;rrraina nf humid tropics, such op the gneissir areas of Madras. 
rJiIn implies a meiiicifl cation of the huuxitto or gibbusitio base <if 

iiiioriie into M-Cdneltin 1 clays,* 

The age of Uterite — The itga of the exist me liighdcvt’l laterite 
nii|) in not dei. rniinnble with onrtflinty; in pun it may be Pliocene, 
m even older, in pari Us nge is post-’iVrtuiry fI’h-rslubeuu) nr 

, ' .. Unmm.>Li» Lmmrie »,viimnt el' Indu., f/S.r, vnl. 

1, ohap. i. JIIS3. 

; .Wriyuiiw*. ]l,v V vi.J I,I hum 

' t r Jionin Aapwt* .If TthpimJ JfotU, 7 *>r.( i„l f'<wv S n/ So. 
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somewhat Ettlfttt. and it ii* pmhuMe tliul m\iiv of il nitty 4 ill Ik* 
funning ill I he prawn t *W\ 'llio ago uf I fie tow level. CMatal 
fnierite iiiusi obviously lie very men l, Tlic earliest rv lies of prv- 
historic inrtfi in the sbu}M of atone mi plume; it* of the PiUatotithic 
type nr? found embedded in Urge bun^bers m the low-lying hiteriuu 

TluJre ii* evidence, however iJmt important tmuww uf Uteri to 
were fanned In the Kucene. and even in earlier ages. A thin but 
|HT*ititr)-L[ Kiilwrmuini of politic haemal ite> red earth, or of 
bauxite occult nC E lio luise of the \mpirmiMtji_ series in Went 
JBikht&n. tt* anbaerinJ mode of origin under ilie above ucm- 
ditioTiN being granted. them i* no mason m hy il should bo restricted 
to any particular age only, According to sevemf nnlhurtLit 1 * I liter- 
ite is peen at rovernl other horrttmw in Ehe titrali graphical record of 
India, oeporittty those marking break* or micerifo ninths whm the 
nfd Ijind surinecH were ex|wwd for long duration* to the action of 
the bmhiicn&l agent* of change. A ferruginous liiteridu gnivrl bed 
sminim the nick-record* of past uges h, therefore. hehl to Im 5 nf t he 
name significance a* an unconformity rung hi morale. 

Economics Ah at tiled above, U Lento is at rimes, nceordiug to 
conditions favouring the concentration oT any particular metallic 
oxide* a vrihuibk- ore of iron or an ore of alum mi uni ami mangan- 
ft&f-. The cure of Uierite m an ore of iron is of vary old mending, 
hut its re cognition m a ao litre of idiimma h duo to Sir T- B. 
HoJlnnrL and of mmigfine&c to iSir L, L. Ferinoi. T11 several porta 
of southern Indie mat Zhirina lotcritc es quarried for llhc ba a build 
inp stone from the fWilitv with which it can be nul. tyto bricks 
Tn fact the terPi Uteri to originally ha* rotur Emm Bui Latin word 
i<tUr a a brick. 

Laierito doefl not yield good noil, being dufLciunt in sail £ as will) 

as in fiiiinuK. 
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PLKliirl'OCBWi ANT) HKCEXT 

Example of Pleistocene and Recent Deposits -Am«n« the PIHhIo 
rum* Jtitii fim nt rif.jm.it , of India aro the folkmiiijr. enrh of which 
rn iK FrHjwrtavc lornliry ts rt formation of -«rj, v import nm-e; the 

l»«h level nvcr tcnm^ of the l T iipei Sutlej ami otlnt Hfimifavjui 

nvOT^iml of the Narbada, TaptiandOoduvariatnoiiji; ihe penm- 
HitJar mww: the Im-usf mie deposits ( tfpprt £eiW> of the (Wr 
.Pni-iuhs in Kaahrairand tfa similar MWimuUtions tfttwl 

in Ifo-.\, } >jil volley*; the forfinjuiiffliBlsAtuifltuur , 

1,1 the Knlfiiitwi.r L’r'a.t nrifl i he Turin of IJu- Ttmiri'dliaiui Travttn- 
nin ‘ r *«- “w-JiMt deposit* of tin- tiwkiwi, Krst.jin and 

<ii«vi.-ry Unks fn^mbling rite Bhtir oDbMJang^ valW), and 

the lort* dejKtdts r.f rhf- Salbltnitge. Phtwar. and ... 

tin. nuvio ^incinj liejKwiifl of !in> Potwar plateau; the 

Kiirnoolditierict :tJi.?liTiwkoawon aoilnr Htgur 

", nnri the Detain; i Fie great gravd-alupt* (tinman) of 

r lr ( kithy Hfieao ntv exftMptrei Jimuiig innnv frthf-t*, nf 

ihv PJflUtocene and later deposit* of fodkeaolt of which ruqiiiru 
a brief notice in the present I'fiapter 

Alluvium of the Upper Sutlej—< isdferotw days, «mi,h and jjr.i 

v<ls, Ujr> remains tif iht^ i a tt]>Hr‘?crii(? /alhii-jitiu Ciltlie? Up/^r Hutlrj,* 
■inr found in t he Himcfea province of the rVtnLrul HimnLtvji* 
jng we vend hundreds nf *qiiuirc mile* Jipid [t&iljig nt a 
ftlnFve f he fnvm'rit level of \ he rj vi>r ■ Tanl. Thrau depomt* worr bid 
domt in the broad Ihuuu 0 f the t?|ijinr Sutlej while ft win a I a 
I'fitittldemhly holier level, enduaing tiltmcuruu* relit-* of the hvina 
^'iN ? s that]KMjdcd i ins imrt of tii«. Himalayan. Tin. nNUli avium 
<lf the river rs now heinp deeply t n i.chtd by Om very Sutlej which 
httH Afft'irriA c^nt not of jt ii j *iL 1 1 .un tw nuil deep, numiw gnr^ 
itiKNJ fiN-t in nfi-jjih. T!n» ciliiof Interest of Lhn Hhn.1i* 

|m the niu mm a If tin fi j|^ |jn^ F fi r 4^I in |] t ^ 

1 ft>r. fi $J. vuL Hii. p*. I. 1 ^ 75 . 
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hoimni Lolly bedded grave)*, TWr deposit?* httvi* m far nnl Imvii 
hi veatiguk-d Bvatem mt bully r ami only Rhinmutm. P^nlhatupn, 
Equm N utid ZVi/mi have %i> fur Ihuti kitiiwii from bnhitrd 

SJK'CUlLCifia, 

Tflpti and Narbada—In thr broad h^jiEnA ofonuty of the Perifn- 
^ulor rivers Iuig*j pi tidier ol nndimt alluvium umir, dnifiirfrer- 
' l by ilw proroviu* of belonging to extinct sjieuie* of 
Eiruiinds Of the** lhr old alluvial mnuim »f tilt- \nt\mdu und 
Tnpti PI TV Ruunrka blr uh lying ill dorp nH<k-hiiidn*n nl ruiiidtlerabJr 
iTi!varNHLH F oVtsc 300 fi M *bov<s their prroent 1 k-iL Among other 
verkhruU- mid. iiiiiinnmliiin fo^k 5 rln^ atjchuu rives H^jlmonu 
havr priM rvotl t he earliest WiidmdMed trace* of uiAtiM rxuttflnc*. 
Stuttered in their ullnvio an? the atone laiivea, huteliH^ 
nnd other implement* which prehistoric man incmnOnr invd out 
of any luifil atomi Limit he chimp whether it wii* Cuddo- 

pih quartzite, or si \ mil hvan Hrtiublonr, or the nniygdalnuhil 
ugnkig. 

I hm-- |y Hi>ulm proof itiiit the WtrFuidu in tlnfre ilay > w^i ^roti* 
Client-with the Tupli, ansi Itarkt ju jya ration fnta a dbrinef channel 
^ aa rtTot-tfi] at u rujujittnitiyely Liir dzile hy ■ ■ ;ict!i■ movement** 

I hjit t he cottise of the Narbada Turn undergone n ^erimi* distfnr- 
banco during bio g^lygical rime fo corrokuated by another 
piece of evidence, namely the jmripikui,, fad Fa of ihfe river nt 
Jabalpirr. 

Tlio K.irewas of Ko^h mir — Tli< b v aJh 1 y i if K mb mi r in n n a ! luvi 11 m 
liJJeti boatti,, u largo purl iif which b of recent formritirin by the 
fiver J heli 1 ry. Mure Ulhii half of ;j t ,- n r -1 howover. i# ureupied by 
outlie re of a distinctly older alluvium, Which fotrjiH lliu rjinnn<l- 
or phit.fiimiH* duping iiwfry from the high muunt&ins that border 
ihe valley on dl aidi^ Tfa.ae known in the Kashmiri 

Unguago us Kiirzwa** jm 6 ompo^H of fine silty Hny* w ith ^and 
juirl lh>!ildoiy + pv«| ( thi- oouf^?detritus lacing, as n rule, restricted 
to the | amphora I [mrt* of thr valley, while the finer viin i-fv pn- 
veib lowurtb the eenlnil jmriK fhe kdrling of [he Kiirewiis id 
for the *rn?aU<r part nlnn>st linrivaiUnJ, hut where they ubut ajwn 

(lie Pir Panjal, -ir (he ... .if t h. border of the 

vtilley, tiley diotv rvulenre of.-* jjond ■fr-sil of npheavat, tlipptng 


rjTNr. Arillvi/rw, //M, hiptHt, I >(|W, 

£ trpA*,, li.)Tpyrimw, nnd iihan^ntn. U<mU Ib» theme. dmU, »l luid ihuBk*. 

JW “ rf ‘ V '’ . .. "« **«* b*> 

* V. liiv«w H Jammu guJ Km t i imn Tnirprwi, p, *iu. IjJTJ. 
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S f,, iT^ W Wltrk in 11,0 Pif ^*i*M«hr*im 9 h™ S 'tmkW 

l' 1 *^' 1 ^ '; I1JWS ^unJl^ thn HW Utuj ttlipkTt<^ nf tJfuseei 

f^rr/lJr TJfT! ‘! ml Uu,?r ihkkn <** «ontmt. to 4IW> 
! ff’ J Y I J |( tl " ,t th ® >■**« JHirt. of tlir Karetra depots i* 
m.wukmWy ^ thm m * ” f «* gMl .nomine, 

I ™£r * ma -' f ™ ° r Sm aWc ag». In tint Upper Kuwaiti 

) ' ),tl ' 1 7" *■ “1*™^ ty tin- -lay* (some ..f them r.f th* 

<Mh- Of lYin ttl i-inv.*! tbj tju, depoufte ofthn wnna ini<-r 

Sm F T h . k” *"* ^ ^ J *.**"*- *> «w- 

* , Jv>rew^. according *<■ *Wa -h^™, dr- 

!p 3«n )rW ™ ' r ^ Sl£Uinl Jh ' ri,hl " *“ ,JO ®wb nnr 

in their 1J(JJH , r tmvt nt Jwia(1 fr1(p { to |kv 

" i lwk “ lM “ hu '' wbm ™*™*»*a? owno 
tnti* Mm rmrmg the warn intergUrial period* nf nndtma k* 

2 ^tn■Wf'-yr a- »h»I« vaflOy of Kashmir from 
o d to cl1c| r " tt depth nt niort* than I ton* fwt. This old *[] „ v j, im 
iuu been su Wju,tn% derated, dLsutied, mrl in t g™ mmun 
^.tovcJ byaobeerial dmnidMinn as wri] M by ih. modam.lhdum, 

S3? th ®. K t nJWft 0uUiGra of ***?. l*>r further information 
the hurcruiis, mx* p H ;i70. 

Old albu mf deposits. to vrtdoh a similar origin in n^bod. .ire 
" l,,l,fl 1T ' f i h ’ > X( P; k! vnllo.v. mi.l tin known there under the focal 
n«mi. of Tunr. They contain n few pi-at and pliosuhniic h.-ilson- 
vhmng m^itimdijui relics. 

Coastal alluvial deposits -In a premia chapter it wo* men 
tinned that nil along llic eastern coast of India, from the tlnnges 
deltn u, I.h« extremity of the ftmirimda, there i, * broad strip of 
I rrtiary nnd pofit-TortiMy alluvium wnhuniug tnaritte shells mid 
-.her rotalbi The Tertiary jmrt of tlitwa deposits has been do- 

vT-IT' 'l re * df ‘ " nd " r th * iilh ‘ ,r llu- CikWalfin' ^riea, in Chapter 
A\ It; rbe romaijiingyounger part oeoupies niuaJi tmnts botli mi 
the- east and tost waste. Thai c*u the wist coiuvt, however, ootics 
noouadetehie width And fortas- nanny t raids of fert tie «umtry from 
th< * Mahanadi to the Capo. On the Malabar eoa*, this nUuvinl 

J^JH t^r Ittl’ (.*■* 11.1 k?rsh- hlrr' r- • ¥’»*hi Ir ■ I IIJIIIR K J. M Ml rl lL‘1 ii bii t ■ jiur. ,.i. .. 

-' ■ i "i. i i „ r ,.l On- fir Oil I..I !■■<" ■ ■ ■ . I .|( I' ,. 1 1,. !,.| r, . .. , m 

tesss"'.'isf ,iiim Kw “"*' *** ^ 
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l>Ht in mv lUi'Myii uiibl in routined to the itntnodi»te vit-mHj >d 
ttic fim* Mwi-t'ut nurtIt riHI. where it widens out into the? 
Hllnvtnl lln'“ ->f 1 djj.irul I to ilin Kathiawar coast ut wine pkm 
■i kind ui deposit m^'iiin known a* the «t<m> 

ijtdtm-tjitiefl alno a* J/r7(Vi>}, uhmh in nuicwnrtby It if mm 
|M>nn t c*r eateatemi* wind blown ^iid the sand gi dra being 
largely riuuli- u|> iifibe uf fnrarniirifijr?, ihe whole eurnpaoted 
mitt -i white ur rnwim-coloured, rudely 1 Knitted fpTfllone, I he 
nM'k liwnfii u ■ .1 itn-uL'aj'h IktuttOQu in a typical wnliun I i mistime, 
-.i touted flit milt 1 ' Intend. from thru** ecMst And itt) ftet f hick- It 
is mainly «utl|)tfMd «f fragments of oatoanmu ahdU* (most of 
tht'fii of "living HpeeienJ otmnsntwl by linns. Abmit ti to l. 1 jut rent 
of foreign paftfcfee of the Gfmor igneous nicks enter into the mm- 
pmtitbu 11 in iH'licvotl that th« RatluattM pnnmnuhi stood MO 
fri J luwit then Jit jtfwiint utirl mis probably in Eteithoceue lime 
ill inland Iir group of Litund*. From their uftow and the i>m 
with whii’h t In-y ttwivt dressing and orimriiental treatment, these 
tilftdstOltta are a lavnudt# material for arehitentuml purposes in 
fimiiy jiarir of tin Bonibay Stair. 1 

S.unt-(hilies Shm.f -duin“< iirr a common ft-ntim* slicing I he Indian 
coasts. |virilctihtrH on the Malabarcoast. where they huee heljuni 
to form rt large titunher of lngocma and backwater? which form 
such ii prominent rr-nturt* of tlw western coast uf India. In Oiizen 
ihrre an several parallel riders of «uil|*dums on the | 5 luma front' 
iny tlw count which urc held In tar] irate I,lie successive positions 
„f the eoufli-JW Suiid luving grosses anil other vegetation help 
to check the further progress of the dimes tuluml. 

S«n*l illjrn^ lire* ateb met within the init.nur of the Peninsula, in 
1 hr limed valley* id l he Krishim, Godavari, cte,. And occupy a wide 
Mtteieh iif i hi- miaeUl terrain of Orissa. They ant also common in 
the lower Imliirt valley in l ’ntch aJid for a. eonsidem M e distance 
iniiind cm theMebmn eo*u«t. Thesandis Mown th*rr by 1 Ijq strong 
whirls which blow through these valleys during the hut-went her 
mouths. A large volumr of send is thus transported and uccxiniw- 
letcKl along tlii - 1 river Atomes, which are unable lo sweep it awity 
(cf. Hkur bud of the flanges valley). 

The [iccullar form nfarind-hiU* known as Titi oti the Tlnnevelli 
coast is also of the mcne origin. 

Loess In tin- !■ mnliri- - ' ec.-,; “f de- [mh c. -n ifie N W Potijnh 
nnd on the SjdrTTtngt thro’ jin -uibilc-dal PleLjkiet'iie arnmnidn- 
* Frtifd»Up I h™, HJi.J. r^L ni>i IW-\. 






T'LKLHTl H 'K\K AND I lErEST |fi? 

Xivti* of tly nnfm- of n Inoac tioatartUhtl earthy nr sandy 

hut li ttle differiin r m cOmpnamoii fr om 1 fir . iTUmiim Z i 
-the plains . htpyniyrr, d iffers fmm~ the'Utter hi ita sjhnmim 

*}i abayg rile gpiu-ml surface oft he plaffi* ami'In iu Wing 

fiJ iyTr a vetoed hj fine hole s or tube# loti by me tm»U '(A Die 
griiw* growing Upon TT Tin- Irmw" pnria of Jkludifstuu nro' 
UtgcI^'ttpVttml with wind blown, moreor tagsCftloftrooiuandsandy 
mrlh. umstmtified and l0o*dy consolidated, Op the rfnt plateau 
tilt: Sak-HjKpge Iijckh is jl very widespread atlpnrtidaf dhporit, 
attd itis many plateau*. which form the 'UirnmiT of this rflugiv the 
nr iu limitation of looss; from the dust and *and blown from the 
| J iinjJili plains is yet in program The coequal i ties of tfatt snri'aee. 
jtmdured by ft* imijrtilurdijtributmn- ore the cause of the mnucr 
i>ua shallow Jokes 1 on the suiium! of the &iJt-Kongo. I^oess jk 
njrto n prevalent superficial formation in the country fo The north 
J Piitu isr), whefft its dimotion into rm intricate system of hrmiehiug 
mvints ho.s pn id need fard fre mf tnvut^ 

The condition* that, have fa vmireal the growth of ines* in rlictft? 
[NirtA are thrir general aridity end longap&aona of drought, These 
give rise to duet-storms of grant violence in the hof-wear.her 
months preceding xhr mongos>ri« s which transport vast ofmidrf of 
tiiwt and silt from the sunbaked pining niul dried up river‘■h«iamK k 
and heap them on any oIovuUh! ground or acentnmat situation. 
The isolated dust-mounds mm notices in aonvn parts of the Punjab 
are attributable to this racist'. 

Pot war fluvi e-glacial deposits- The PoE.wnr* j* an elevated plain 
lying between the northern sJopew of the HflJt-Jtango and the 
ItafinLpindi f<nat-lulls. A few feet below the ordinary aurfaeo 
alluvium of mmv part* of these plains in found a curious inter- 
mixture of huge blocks nf rocks up to 50 feet in girth, with small 
pebbles ami hnnWcr*. the whole embedded in m finegrained clayey 
mulrix, The material of the blocks suggest# t heir derivation from 
rhe high control ranges nf the Himalaya*. while their sine suggest# 
thr action of Horning \m t the only agency which could trarus|Kirr. 

(o Kimh diat^pces aooh immense rmik masses, (5t»t.terwl moraine 
imrj erratic hiuekK aAaigii^l to the muion nf Itoatinp ioo during the 
hist yliuTiid peti(Hl; art? foimrl beuwoen Attoak nn<l tJuupbeSpur 
mi ihe surface of ilio prewar (ifrtfejssi. The Indus river i>s noted 
for flnodrt »f oxtrfcfjrdiimry severity (owiitg fo acriilentil rianis in 

1 fivv, ff.vj «ji, m j n 1, | to a 

» /l« r I V H v.|, 1 if I, V |i|. X IS?7, H** - t/^JL VOL ^iiL | n. h lM« t *wl vul 
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the Upper nnrmw gorged k<) part w of its channel af those of Any of 
it* iribntArieet}. 1 Many such floods have been known in historic 
and sotn^ have hern rwunJed in thf cihronidv* The water 
mu bold lip by the flam spreads out into 4 wide hike-like eipi^ in 
the bmurir r part of the valley Above dn? gorge I n tin) Flehd* we no 

time?, when, ua Ha* been *hciwti In v previous chapter, the Umin- 
foyto* aero experiencing i ref it 1 com lit am* of alienate, I he surface 
of the Into would be fixffifln. The Hiiddtm draining of tin- lake, 
mmsoqurnt ntt the removal of the cdmbv V by the tmiuituntly in- 
Otca&faff pressure nf the waters nanlting from the? mdtmg of the 
irr in "springf.ime. would m*itlt m flitt rearing off nf blocks and 
n mj of nick frozen in und iBUrrniMnle*! by tile ice. The ninlung 
dehnrlr nnuld float down the icc-Mocks with tin 4 arndtutd taliede* 
of rook, tn be dmpjied whore the \m melted und the water 
hud tint relmitv enough to carry or push them further. 
Thfe would* of course, happen ht rho where the rivi-r 
emerged from it a mnunffiltt-track end enter etl the p Earns. The 
above \* regnrdHj the probable explanation of the origin «f 
the Pbt.wur dcpu>ite. ft thun fumihlaw n* with further ro^frnt 
evidence of the existence of glrtrinJ cnmiit tons^ nl any rate in i hr 
Himalayas. 

Cave dapodis —* But few coves uf palaeontological in- 
tercet exist in ludia< and of these only one has received the alien- 
don of geokgfett. The caves in other countries have yielded 
vmhiubh* ossiferous BUiftipiiUJc deposit*, throwing much light on 
the animal population, particularly tint cavern habiting larger 
miunm*ta, of late ideological Lillies, their I mbits, mode nf life, cte. 
During llebtocenu limes caves were lined jus dwellings by pre¬ 
historic man, und Important relies of his handiwork. art nnd culture 
are sometimes preserved on the watEs ami doors of the ffltres, T be 
only inftfanee.M of Hie Pleistocene caves arc a few caverns in the 
Kuraocd* district, in the neighbourhood of EdnitganiLpiilti, in a 
limeHioiin luduiiginti to the Kurnfrnl series* In iht 25-30feet thick 
stalagmite hi I hi floor, tbero occurs ui larpo n^eqjblngp of bonus 
belonging tn a mixture of Recent andsub-fieecni 
Hynlj us IV n tm r r P Sv* w Rhinocfrtx* (extinct), uiitl 

1 i""t 411. illli^miHi; n. . 44 lilt Ilf vtTT- -if lt.4> OurpitrrritHi llflndK Ilf ll-ip le-rhl* 
iLlill fLull -'riSw + iplililOS i| feim I'Yi- Wtlrw-^T! .HmE fmin !•■ 3-ir^lml Hhiim-rVJif 
llfrW. ifitfNrijpp kMi.I A null i ins Trfnpyjt* * I.-IJ 31 ■ I>bPI . I ^T-Tp. 

* i. s f vul. *11. [pi. l 1 . 1 m*hI : l'.d. f,i 1, u, i.-r. ..hI n pi l#Hfl 

* UttiJ, vuf. iv, |rj» E 1st mI ^77, mui %~*4 u 1 . 'Ikh h •• S' f vc4 W* 
jj'tfUp 1H7J, 



FtR&JTOCJSXK AM* HfJCUJNT 40ft 

( KifHm, H-jfmm, Muhh, and (lining special of lint 

init*. wjulrp-l ami pajmpin*. 

A Hiimll cave in a limestone Ix-longing to the THamifl up\ occur- 
rini! in the iwighbourhood .,r Srinagar. mat Hurwan. wo* tv mmtlv 
foumi in nmiai» uutmmalkui Jmne* on its iIikji* They included 
iirmotna -il nili-Bmwtif aperies such oa Ami* aristototii (awn bur), 
(Enn*iwsiti pig], rind an unknown tintulopr. a m*m 
l>nr of itnuill euvew w found in the great Trias Ii»n<Mtonu diflk of 
Kiirihmir, tint 1 hiry lint ■ • not Inn ruvfcfliigflicd. strong nf raves, 
Jnrp- and atiinU Murid in Ji moat odd iinii imlcaictnia trxJca in viirjuu* 
Jiurtn lit ! hf country require systematic examination of tiieii 
HOut deposit r. 

Bogur Among I fie retjdml -mis of India [Jictfo is omit variety 
whirli is nf ,i|wdwl ngrifUrnmc awl geological intonwt. Th i - i* 
iln’ block soil, or Jttffur 1 (Ghentnzom), of many [jarta l-I tfujwat, 
EVudoah m l other '‘cotton district* ' of the l»mui. 
Jtagur i-> 41 highly arsitUcflOm, aonuiwhiii. calcareous, very fine- 
j!niinn| Min k anil. It in extremelystiofcy when wetted ami Ju.- « 
capacity for i ' f :iiniiu; n large proportion of iln moisture fur « lone 

f imr - .. *** nueoffory constituents are n high j wroentiije* of 

Iron ox id i- aud oalrfiim and magm-iuuin carbonates, tin* * iiCll, di*- 
«f»nmati'il n« Icanltar, and a very varying admixture of oigiuuc 
Matter (huuitud t-unping from one to rm much as in pur tent. It. 
ia probably to ita iron and Jiunru* eon tent I hut rho prevailing 
dark, often Mark, colour is due. The black cotton soil is credited 
with an extraordinary degree of lertrlitv by th* people: it in in 
*>tne Qik&ei known to hare supported agriculture for eon tunes 
with nitt manuring nr being left fallow, and with uu apparent sign 
of exhaust ion nr impoverishment'. 

The origin of Hegur—Tin- origin of this soil is yet not quite 
certain. It is generally ascribed to long-commutd surface action 
mi rocks like the Deccan Trap and Ikminsnlur gneiss of a basic 
rum position. The He composition of the hnsnlts in <n7w. anil of 
alitmipoiia rmiku generally, would result in an nrgl]lnecum. of 
clayey residue, which, by a lung cycle of secondary rluinjrre mul 
impregnation Im iron and deeompo«ed organic matter (humus] re- 
mi I ting from agt-.i nf jangle growth over it. would amuoin flip 
(ihurmrltir of Itegijr. 

I'hr tlrn Jin.---, .if the ngur sod-rap in liigiij^ voriahlf, fmm mu 
fiml to atifi-nt, while the mpoi-il inn nl'th>-soi| slum,:- vi ii.dili-r.ihl.' 

1 r'rkUia J ^’f ijL.ru wtinj llw.-t.tihf 
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varkliini whh ilifftinHii depth horixou*, ispedaMy In |tn oJa y mn- 
tent and time. ^iprgaiJlHL Thr nby -fraction of hlutrk Cdttoi* anil 
b* Very rich h\ dUcn, HO \*-*r t'cuu, .md form 1;V jw fc r cmsjiI, with only 
^5 pw cunt of nJurmun 

#l Daman " slopes Vdovin! fiififi or ^ - fringing ihv iiLimn 
triny nf BulLi' IdstJth, it nd known a* arv another example 

of Plri-u^'nn deportf*. T hv^t' hit a wry prominent feature nf 
ihu hilly parts* of VYnxifbtan urnl Haluohbriui when? Ihv xn-wt 
wi4ity and drought favour the ntirru mutation of frrali migulur 
ttAhrin in euorntOii* tm}» u< the of til** hilb. Welb that tin- 
tdfmiiouly tfxmi«ta| hi thrm gtavd dope* uuid which tuv known 
a * AV'-i IILuaimte a |Haou]tar frivol of arterfNiu airtiuu. The Kart ? 

hi morel v a king uinltirgrtitmd^ ainuHi liurntPiil id, ttiiuif-lJike tom 

driven Into the? doping t&ka till it fr'iutln^ ihv level of pmtumtmt 
ptatu ration s«f wfiivr, which b hdd in rh+- lr.n^ poron* The 

water to found ai u uifTknmL jiirwim- in mnkc it lion nr ihn 

rnoutli nf llir well, Tins umbr^niLmri tinmid may hr wmif miliv 

iti length and wjmeolid with thfi tftiiTaer by tom-huh 1 #'. 1 

The Human epoch In the fori-guing of the Inter gti>- 

J? iL r ii-’u[ deposit nf JmlU there b i-i-ety where ii ^rtidiuil juiraaiut. 1 
Frolii ihv Ptotol.oytme to the RdHUiL, anti fmin thru tr> Pr^htotorir. 
Thaw periods overlap tiadh other mmh aecfo die periods nf human 
history A* in other nmnlrr^, thr Pleutoi-wie in Judin atau to 
marked hy the psefioe of Man ami to known an the Human 
opOAb, 

Mho vataumiw fa reveled hy a number uf hi* oilier {imcrvtd 
among the irmv^K of unb rim* h the Narbadi arid thHbvari, 
HjLii thn Brian, nr in other att[tffrHdiil nlluvU, both in South ahi! 
Xorih India. On tin* i ttifo et of thr 1 Potwur platoau them are 
found o?on . Utah#* roiilalning flint nrtifiiolv of MJhfilJfdtfc in 
dnrtry in hnmlrr>da of liaki-a and pdrok; BtraH^mphn lily theM 
jmptruii iii- iiir ■‘lalitl by ]*uinji prr^rrvtrd in ,i lew carter in the 
tu|nm^t l*fib <il Uu- l/iijair Winriilk KjuJciercnngkmUTixU- nnd in 
ihv uhirf alluvium of tb Xnrh-ifta, (ii-duvari Jirid thv Soan. A 
ehijp|wrd nitmi 1 hntirhrt ijf quattsil^ found near ChMhiwam vi!bur 
on ihe X.irlwiik. b Ikeltevwl to be of pToT’hdJewn h^b Plrbro* 
oaneb r In- imriioat prebtaorfr r^lb of \Ua in India, From the 
ovjdenoe of iHp l ffiv arrjfavti* fbuml in thi: older iDuqinAdiiing^ 
idlttviikkik iiH wHI -iw Oiiif or fo^SI biuv‘s r if that linn uJ r 

■ VnttMti^ntnr, r/.vj nj.mti ni\ I , imn: nJiiMm. //«. 0' ^^1 xm^ 

pt. u raft? 
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pi.kistoces'e and hbceat 

luvjim, in U^n^Ui to<i„ji.j.nty tot*®*, r I,,.- *„ H, J|( in Oodav*ri 

.TfhoT . U 1 ! This SQ^iMtohuman attttantote 

! i Jf VJlll, - ls uf «'■ JfWMoRWblfl race, Tfifj «5 woimfr 

Uama " **» “7^ f wrfw» -tour mipb.M.M that *rf2X 
"7 ftw m«J.'<****■*. 21 

j- J7- 1- fJ'i'FL'- .... I LnmtS 

5 te *5 r - r* j . . .■* »p«u*, *3TS! 

r«rr S- ; T? 1 ,r ,IIOtjli ,ir f “' n " Tfcrm. iirtni*^» 

ittor ! j 77 * T" BHfl '"" rr l,,,,fil ' J,,[ JH. more widely 
Sf?"** ^ ™- ■*■ tomswmg fJrgree of^ilJ in their nmktoi 
imJ m thmi «uu|»ht HM . .u we ,,, nei to new*, ,m.i vnunJJ 

[ T! IO, “' ■ '^T*"** tf nuui<rt hantliwnrff fumwlio, ns with 

eplcii" f ° r 1J " llkwJfiHi!r * ,i,m of till* J*n. M | into (Jut« 

V E. jfeuner «Mlm t toit though nod*«,llj*Uion •nplinUk. 
to the whole of India w pundUe, u rongb ^ l(ht IH . 

■ W,l 7 fusing upward Into flic Awka iwrml ,274 n.o J 
mill Ilotmwtmf* into Hie Iftdtw Vn% culture labart 
iOflO It >.'.). 

Ifitrolilfnr—front lute EJeLftrxwm- m early JifatorioiU, 

frtWwA,r-~Wi fiWUKHl veat* nge In the mil of the 

llfu*loG£tt*4 


I JilacofithH found it. Tndu by K. B, Foote Iviswlloc 

Hoi. * ftt i Im. SLuln* Museum. Tile hdncolithto to nlaiion to 
"7*™ 1 ,h ‘i^ tA ha * **-„ examined to Kashmir, fMnjiili, 
iSahitmiuil VultoyK (Kandlrii), Noflon- etc 

Ih‘ i»rlft-st lin.K win to l«* large I Juke, r..„,le from p-hhl, , !( , tbp 
K " jl ' i, r . . . 1 Hie Pot war, ounubted bj doTwra with 

I«iit of 1 he Kaivww .1 Kashmir. The bl*i Punjab FnlnttilWilr 

11:1 nit'll after tJm Smut Valley. Farther wijrh the hilner.htJiin in 
in Droningly dmraciorwcd by AcfatObut tmpjranaifca. The Ssbar* 

mnu Palaeolithic fa turned on river *„H according to 

™“ r PoUtlliimAtf. gJnniiTi.iti n gP . J he I'afa.xiljthie of Mmlraa 
™ * 1,r ' EKiot-ftii J- -till rillin' nmrk.-dlv of AcJuuiILiti r\ j H and 
" il !|l ' r with fiver gmteU nr trith 'derived intentnt, 

Htc Mien. Jit lhc todtirtfrn-. wmoinfing ..f vcr.v rmuifJ tools of 
riiiilceduin. jiwfier end i|U*m. nh; onmjwrahto «1tb thf* J hir.ijM'.tu 
MoTrtihHiic I Jilt ehroriolngfodlv it re jm-hnhlj Inter. Ihev tool tide 
iimiw finiidj., harJm mud king pwalfej^idod hidden. Polished am 
very storiidr to rJnj^. uf tlie Eutvi^nn .Vcolithlc iippoar in liitlin 
will. rh« Idler Mil i.ihitiii*. hy which time metnl wee kmiwn but 


GEOLOGY OF IXhi A 


4 It* 

ihil Wised- Ih^iclM bronze. t lit? primitive IndiiUi 

impkfiMmE* of native VBppti F u hivh lie found in fudm, 1 

Thr- i-xirttiriiui; of Abm iu mi np' oaflter Limn tbo older idhmn of 
1 (h? NarfaftlU mu! Ilodaviiri i> n rsmttor of c-nijiH Luftr only Xo 
ofthruxwtctic^ ofiuiinim beinga nix- observed in the t_"pper 
Wi h <dik* exempt [wM’tmp^ia tbo Liijranbct nimhL Whatluer he was 
ii within urtuilUf*'-* Itnd ^nt. phenomenon, the MWtiau ofT.Jie 
Hi main van ijhahi Ln it- pmtfiit height* nr ^ hi tiler he ivhh a oon- 
G'nipofBtjr 4f $ die Siw&mnm op tiro fitryudm* ia a profoundly 
hiteifrtlmg *|»>t'iiMkm but i-in 1 lur wliii-h no elm- hfu Ifc-en so t«r 
dbravtrreii The question has hardly received any attention in 
fmifa in the |wun doe juainlv fu fclifi pmroity nr absence of cuvis- 
Jl j?, hfjWOTt'jr, pf^dble r ImH wilmible ircotogLGli] nnc| 
jmt hri>]^ilupf iJ data n my L* obtained by ficiarcli ill (;lw Upper 
NiwziKk. in thi older ailttvui ami tivor i^miwn, I he travertine 
ikpCMiile of ftprfalgn H IcH-fw cap* ami ntnundri, etc. 

Here, however. wro reach the limits of ^oUigiisaJ inquiry. Fur- 
i ln-r inquiry IS*-* in the domains of fitiliirojjoli>g> ami archaeotogy.* 

J->« changes of Epigraphy have ofoumvl in tnd hi ■"= i1 1ee the 
PloHloceno. After the urea t revolution* ctl tiro emt of the Plio- 
ecne* the present mwim to \m an an* of geological ni posit?. A few 
minfiT warping* or d^dtlaGpna m t he Ptnstasulft ;* t in urination of 
-L iesr aperiei; the tnigraticm ui'l wdtafeHbutlciu of others; fiatrse 
dmUggei* in the of rivets , Lho degradation of their channel* 

rt , fru foeL bwer, and the extentfon of their deltas: the witting up 
of the llmm of Outeh, 11 fen great earth quakes: Ole eruptions of 
Ihim-n Inland and other minor geological umt ^graphical rlmnjps 
rm L rill that agedlngbU note* fllare Hie advent of jdiuj in India. 

mwmmcm 

Jtafarme** to tli r virkm nibjiwU trem^vt in thin utia^O r Imvo 
jfiri’n AgninvJ wtjh, 

1 I'r^uutic *P"rf IfcViir ■ «Y »-?i /ri- C»■ i !•> It B 

Mfvclrnhi T liofl' Old Uhipp* i -% m m -' ■»//iw/Oi. bv V J,hi««ih. Caiirati.a t^E 
JwWt* l J . < flji-ult* UnotTiil-y, 

1 \V ,r t/kPjii'.-rj Ml, IJph|_ | ■ ^'J a . j- M, /ri unr r, i t r*r 

J><& lS\. 3 thxm>k IftflO 

■ L. I'Jrii.i-n -II.- Mriwtm-Iji \u Hi- H#* 

voi xxjcil.pl. L 
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pfmroofwi'HV 

J>■ the light Ilf wJiuf have soon of the gwj&oginal history „f ],„|j aj 
h brief tiMri (jf ih(i main phytuogmphic nf tin' 

rtfgiort will be of i Merest. Every jWoginal Jma it* ..«n 
physiography, and. thflrr/nre, the praam surface fcmurf-H ( ,i ln.jin 
ir.- Hu* outcome, In ip grwr measure, of the blest cjwptem uf it a 
gt*>logiCtt| history 

Principles of physiography illustrated bv India -Pin.d mu-nuli v 
bj hat branch of K eoiogy which deals with the JcTPlopmorto ftiir ; 
existing contours pf the Janij part Of tlio glob e, in the main. Tfry 
Inmi fltt.'s it« uxurnuct- m pits#*- to wirtii-movement, while thi' 
present 'leioils of topography, it* scenery arid its laitdacape*, am 
tint- to the action of the various weathering agents. In the east: 
of elevated or mmuitfduotts regions of meant upheaval, the main 
hafnre^s am, of fpurWi 'liu 1 to uiidiiiyruiintj furci’i, hvjitigonti 
agencies; hut in old continetltnl ftimu*, which have nut bean subject 
to crustal (tufummtion for tong uifc*, I be np%nw or meteoric fiirwa 
have linen the chief agtuiLH of curl h-acuipt urn. Land area* of 
gmnt antiquity, them fore, possess curth-feature* of a subdued 
mfief; ultimately it ia the fate of the contras of ancient eomlneflia 
to lie overaprcud by dewirts. In this latter clnas of earth-feature* 
there is no correspondence observable In- tween lbo exiumaJ mu- 
figuration of the regnjjis und (heir internal geological structure. 
Htm Dm high ground duos not corrraprwil lo mitidinsl, or the 
hollows run I depression. <>{ the surf&ct h, aynnlinaJ, fyJdn The 
aecinmilut am of the eroded prwiimls, rIi*m«]£rotu theri*-Vt.Hlj*Liori 
ot l lit; nle i’ll fod true )?; by (lie -uiLmrnrd, metaotit) agencies, in « lnu, 
bmud xono of lotlgnionl. givftH rise r<i a third order of Lind form* 
—the plains of alluvial accumulation. 

Ihe (hroe pJiytiiograpliic divisions of Judin albcd luimt j>erUtl! , iif 
illust rations of the main priuejph h of physiography -t ii< d nlmv 
I lie prominant feature^ of the mlro PciiirisuLi, the gteal mi.Tiiitmti 

41J 







i KOLOUY IN] HA 


414 

hnnler of liidhi. tire thw# due in ophruuil of rhr* i-rn^i in fate 
Tertiary miulifitt) to tmmr extent bjr t hi- dt-uufliiig ugniE* 

whfeh have hmi operating c«ti rhftm; illOw- uf the JVnimmU 
are the tvs tilth of .HiihjMTiiti demtdnt i^n of n long cycle of gpiitugjttd 
ngo, tii-nlific^l in soinr> fciawn hi volcanic rind in others. In .M*li- 
mi-nlun remind a tiling while the great pb*in> nf India, dividing 
lln>e two rv^injih. mi r Mirir foi'Mintton to +rilim^ntiii , y dqxptilirni 
a hair, 1 1 irk pciwtHtaiit ifriint--. being entirely due 1 f ► the JtggrniUfig 
work + if the rlvorw of llir t ml nm-* danger pyutam dining comprim- 
tifoty recent time*. 

Whatever ntmy be dir cnitat* of the upward tixsrl diiwitwiml move* 
mrui* nf I hr t*rtjr» &iirfoce 4 which have originmed I hr broad 
frHUin* of itorelii-f-—lilt* great rfci„v:in iwtsbi*, continents and inmim 
tnin-—tt hptlmr il hi- Mil* rutitnu riiiii of rli> «Nirrti diir to Its toss nf 
hmi or (be* iiktmrbuiKtMif itfr E^latia tiondTtionrt. uu-vemetit* of 
slr| 1 ---Mil must uhvFiy™ \n* in nf rlevritimi. In font, uplift 

can only Uikr plare on i* minor ^-nir and only forjilJy, where any 
I wo adjuceul nitiHleir^rginriil^ «*f the earf.li'^ sphere m their sub¬ 
sidence wqui^i! between them and ridge up an intervening area 
hy the mm-moiis tangential thrust* involved in the sinking of the 
former. On thin view, briefly exprosed, lire Himnhy\ n- have mini) 
iiiln exktafire by i hr c&ftipresdiifi nf the goosyitotiunl belt of sod! ■ 
BUvHta, n fujtnjiiirritivefy weak ?tnnr m die fcatt h r s efreuru fare nto, 
betwmi the grt-Jit pintom nf (Jenind Asia a nd file hand: of Gond- 
iriuialcmtL 

The mum element* of the physiography of n country are live: 

ft) Mountain*, (£} MjiI*au* and plain*. 

(3) Valiev*, (4} Ibis in* imd Jakr*. 

(h) Crjjirit-Emt**, 

L MOUNTABtS 

MuimtnihN may !*- ( i f iirimml mount [tins, or tmbtfCKjunrit ot 
relirL The student a I nearly know* that the»e two iype^ ehurar 1 
ten nr the two major drvfafoufi of iiirliii. Original mountains in 
t-Iiuh' fd iicfliirmilatriin ruoriTi tain* mid |h) dcfonrmLiiJEi'mountarn*- 
V ol^annr^p duties nr ^^rkil-lulhi and morainei nn- examples nf the 
former, w hile numntniim a-r ■ h Iu^i-hJ by Uip dcrfbmiiitiafy nf wrinkling 
nf thi- earth 'k CtuM rm* oxHmple- of flu latter. Ill iho luii-r 
the rphrl i4‘ihe IuimI is elowly oonnocEted with i\* ^cdtngieai struc- 
ture, the strike, or trend, of thc^e iijuuntaiuri hi vjiiito ctm^ 
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SSfifS.«... „r 

, 1 ’ ' ,r f l, ‘ irn|k>rfAivt. iviinpiiHjni’ m|| the 

KT»f aiounUtn-iihiuib. tli« earth, T)w KinnkiM J rt |", 

Tlj. Stoctore „f u, e Himalayas IV *ru, lh> . 

.ul'-BImaky,," „„p, i, t .„,„ r „| lv 1)f „ r r 

SSSSSSW5S2SS 

s % ini'*! *i ftoriw of raftArpnn'iiN nnti ,j, t 

^■SSSS 5 *^^ 

. I O , 1 ^"«.L f.TMir feature in tbi* tc* tunic* n| rh^r 

H ■HiimJfl.viiu mm The moot pnjnmmnT fe :J| , 

-ts d? M ??5ter. 

Uun uf tlw lan^- -f rhr enter Hinnth™. tunl *, VP n,f , >f , hr . 

sr 1 "- 1 .«■» - -rfe^L. 

.11'^ h*v<? ft "toftp eairp OH the side Hieinp tj„, f ,( ftillfl af)fJ ’ 

gftHBK t**p*»* ft ^ 

Ufth , jwt Of Hfnmfsj** i Inn iho nntfolm* nr- often faiS 

? 7^ iii their uuler ur ioatficni limbs. I J. + fiutft-«Mrp Ivin* lh 
; xbftpusifion with much ymmfler nick kuiich 

f u ««™wfrd hy n beft of more tomp wmd hmdma? 

Oi H. ivJmh (fre stritTflj- autochthonous In their position lr j* 
o micri, Jn I fir* fir Kinjnl range find in iln> Slmlft-Chftknti nrilJl 

" " :v ,r ;" Of lbmamntfaat typo, SnS C» 

n-rsr-d fhctt Uve passed into thrum plune*, njong which 

A W »* Of the fftmolajaft. 1 Two more or mm |m , tf 

thrum have l**n traced.1 tlx :h, Jv 

_ .jfll ranifc Jiloitg It, whole length from Ifrej Jhdttm to the Rjivi, 

?* -ter of th«r {tto Jf*nw *ui, b, thrum the a.£ 

i.uimim < j - Kncmw belt of rock* oy« tl.i- Mid-Tertiary 

IhomlrJ'" ^ in, 'T thn,lir fthr him drive; 

ie Jldi r I nriitui statists nnd sinus of the eraitml nmmilaliift rernr 

w v./. v»t.hv|i t'llSl*. " Uv *‘ l p* -■ ''“-'re. Wet, 


GEOtXKJV OF fJTDtA 

t jit* nuL^httotioiiN rock* along «» 

, 1( lllt , ‘It Simla JlimiUaflpi * tag 

S»*«ni.... 

rocks Ilf the ..nr 1-r Himalaya*. Threw «« It# Ivrol ™FJ* ami the 
i 'irhv, nl fumiic wp=irat,*1 by two distinct threat Mnw In be 
SSteoriS rfSS rtJiil Snbnthii. Xurnm.ihtm and l*gs im 
MmU orop out ns tri**** M !*“**•* rd“““ nK,I “ ° f the 

K TtT«tmotaM of rhi' inrnt W»nd A y** bo* nul yet tiecn thj- 
n.hjvet of such intensive study nnd inv^tfgafcon ** UiJit nhirt 
twJso far unrew-lM tho inner architecture of the Alps. A gw* 
.bul of investigation in the central ran# *, especially u flmnr 
St eomiilos Suing emi intension, retain* to bo done before 
it da possible to »v anything reganling th* 111 ‘ ,l "^' 

lifi* ( «cr|. in ve^ &****•. 

K »teitmtir ..Ingbal WW* h,w J»* be ? UJ1 - < ’™!f* W £, W ’ f 

,.Wincd. IiSwbU! tend* tonhow thn* huge •«« of the 

WmalKVW ponses > «n*p«»tivdy fuml|i 1- ty,* u ' 

tretonii, anil the pltei of n»W«, their ^mplcx re foklmg, ***«■ 
and in versions ennh n«tW to which mod*™ t hooqr 

tb* fcrerethui ui the Swiss Alp* have . h«» *>btorved ™ w 

„ rtl)]( , scale of intensity or order of magnitude. The threat* in 
l}ij . Hitanlavas that have driven sheet* of older rucks uy-r iti 

JW ,AT rather the threat [■•=■'. "f lf " 11 

’lir jrp‘c<il s.Hl,Mirnu,rv hwin* of Ha**I* ««J Koidumr 
ru,..n the crystalline (Isis and the zone ■>£ ll» 8™ 11 1th 

■! show i. svstem ofn.irmnl opt*. MOWN* and .y.idincs 

without faring. or redapliaation. indicating; the* the n*PP“ 
hiive undergone in* aubsoqneht bpdy deformation. 

we aj i ]ir[ hicJ i tho central crystalline axis of the If imiJnyr^. 
however titew is manifested u pwwlmg mono town* niufonm 

the regional and thermal metnmorpWiun to which th» ha 

i^ n MlbjecU'iL Hie folds la-oome mnrr densely pack.M : ove 
ftd.b inveisions and ibnuit-plaaw assume increOMiig mton 
S.. areas of lertotd* ““ 

v 'j*ss isTilK SM«eSSfS|?SlS® 

f/>M. voi liivip. t*- 4 s 
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to rilw^l hvliit 'if Iiv-.h a J tom I find** Rul-mii: iii- 

j^ctiun- jk>- LiriT^ mh-nmi -nw homflkrr the -tnmtiire more 

eniujilftt liv uliiitiTafiri^ disr iimtiiiuv tadumt kin- KryMftJjirio and 
wnUnjeDlnry **r'u^ 

From n terf onie point flf vtrvt nrefirdinj: i<i jin wilt data, w£ 
tiiny divide tI m* HVdnn Hiiimlut a- Into flu- following MriniUre- 
ftCltlOft? 

The For^knuL Nnrlh fiingi i«] ■ iuridu. lhuJiiihI iwend iipik - Ttirtinrj 
rirf^lLuirnift: 

I , Snmfil h?U — h\ru \ yi** of folk of LTp|*:r Tortlury river-deposits, 

2 . Mr Mi — more carrypprsBed i aocl 11 ia I folds of hi^oni i settimorim. 

Autochthonous Fold Zone. 

3, * Ml rrminiwnt fti&U H Eorane u-ftb itm-* 

nf fVtrlifinifcriiU^'JYiii' n^'U Ponjnl vuhnJiiu', or Krel nuri^, 

Nappe Zou*. 

i. Ftijrtfvt &foh hrft — ijnfosHilj fcftj eis states mmtainini! Fufoorttofo 
and Mtstraoic fuittrrops which hive ^xpuaikd uni ehi the 
Hazara nnr! Kudimir Wimellbiry hn^irtn. 
ft* r^fet/W: W/ — iif I hi* dttiEml d%ia\ uhnin of incMninrphri h m-Lj 
with graulto iiitruflJmw, a j£r;i uridine within \k*i miiLa gtso* 
syndine. 

Ik Tifata vi ta/f—nuuitifr sediment* of Canihrinn to tfoww a£* in 
ilir Hitutlnytn gGosyndinr- 

The Nappe Zone of IL^hmir 

In thw inmtntulns tho nnpp* =tm of inner Jliundavun rik-ks Iijlh 
travailed fm along :i liorkoiitrtJ thrust (Fwjal thrust! *n n* u> lie fitfully 
stimotimpH agnhisi a whir bolt ni the nutoditliun, ut other tinnf* almost 
n^iripat the foreliind. The Kashmir nappe is etonpowl tntHily uf pro- 
ftattihriun Mdimente liSaJJshata writ*} wifh a mijuvjjuwhl {Do$m 
Plait i, forming thr Ibuir of the Hlximtaynn ^otyiwJlniiJ that has been 
ridded N|» imd thrust liitwartliti a m arly bumouf/d aiir?t:t-foid. On this 
aiir-[util Imjtt’simnfc be synclinal but-mu eonmndn^ u rnorts i^r fsill 

Hpqucner 'if Fatae-oacflir and Trixie mmriP in 

various pnrtM 01 Kjiehinir. The latter are iJetachi^l outlier™ of lhi fc 
Tibetun nnirme com\ whk-h in tht r^u-m HtnmJwya> k^atfiu^l tri tin 
rt'prHi of the cenlmi Hiniahiyan aaik. 

En tin liAppt- roni? U* the north are^ inorr tlmi#bi t not f*ifly rcwopiii*- 
tthtn in t|ir> eryntull iue iMJinplex wliinb Inn Ills the (Irtut Himalayan ruiLffe 
of the i tnlre. Tiie*e ifminta, hoveTW, are m-t of wide r^sonul or 
k’ctoiiir HopilfitittfR’i’, Aa ii tet'iimie unit, the Grtuu H mm in van nkjKi 
in Snip{■" up of the rontH rd iJie Kashmir nrtpjw, 1 ha jslinidpiil ^rantieline 

ID 
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within tJiT mutii lUiusliivmi .. .onmetii.j: of fit*- -WIsiuioji 

n,,il ijn’it'j.niNr. y rock, tom-ther with U'* “ f 

htinaivr granite and Uflie mo^x Several urgnrnrtir mlrm 

akais have lWHidowwl. tin liiiMt hdnyl-^ rrvhu ^i^orBMlI later. 

connected with the rarlmf phase* ^ H"' niuialaymt uplift, X '•'‘hor- 
dlnal<trii'iiirnloftl»<tai<il m.rnibvnn range ts formwlbv tl* smith* 
WKrf ) t-KUituuiTiN uf iV rtiprHWnUtfvra of the 1’ibctan Wit nf marmr 
formatim- UoloitpnK to iHfi I'ahumm* nmi Moawifli'! 

The Nappes of the Simla Himalaya 

(Matted umppimt anil study of the met*nuirphk ^rwU(th>iis hi 
mitk'iil, rock-complexes have led H. K* Pilgrim ami W- I ' J 

wm .] u ,ic Hun tlnrVlM of the Simla-disk rat* men. Ivins to tin- north 
pf the ftruun Ik-Ii (Outer Himalaya*). an- nul in the normal p.sitnm 
H»niriviiti» '4-nnt had believed, but hM» und^tmv implex m- 
vcnhmt and ilmiatiu*. Four uvcrUirasW aro noted which have u-„ 
u^ l rno the iM inilic broad UpperTi-mary arr-a uf kangr* and eon- 
Uriel.- 1 it to handy 1*1 mile* .it Salem The ihn.-u n-pweent Hat 
recumbent fold* of pin-nt amplitude, shtiwmy •"•.lily displacement from 
the north toward# Uw aBtOchtbwvnu Mt of the >*>iith-west,, Thcprc- 
1 Jnnbrwn tdutogh end t'lmil * riiw) in plhd upon lK- t ’nrbomfernue nmi 
IWitii-m aysteBti (BlaJol and Kml series!, thr ontur ^<pienct 
totally uuft«ailiftTmi(L Evidence of slit? wrperp(*itiim of the highly 

metomoriihuMN] p*Cu»briM r.lnt««h ud Cl»ll soriwh W Hwing »«* 
of the ctmspjotmuti muimtmn top* of flic urea (Jilipprii), over the effl 
dtcn^l Lower I'alcnwir- amt HI mm IhnS- (Upper CsrlwtdfiffOtis), is 
«himni'd hv a study of relative motAinorpldifl) siui the structural niu 
tinns of thMint-', mid dfcw.mlomw The older rocks, now uwlab-d, wi-rv 
tmne I sit i of a cmntsntUW* aim* l uvw this *i»a, hut 
from thu ruota in the north by Mu- drop valley uf tbn StiMcp l” ll ' v 
enutli of the thrust /one, in tli- 1 foothill*. the olds-i' t -rtiarfr* '.Numuiu- 
Utiail are brparated from new*T THTtiarh-s uf tin’ loot! nils by Hit wrus 
„r puraQe'l ittsnd faiiln whirl. have l**« dv^uatod a» l.ouiidary 
fmilr-: (1 1 M'panitilbf the l'p]-r Tertiary from the Lower Tertiary »w. 
tt) «ir*i»tmg tin- Lover Tertiary from pre-Tcrtiftry rruk*. This last 
" Iknmilsry ” fault Li really an uverthruat, ™nwp«niliog *i“ 

Mu tree LLrufti. of tin- Kashmir m non tains. MedHcott, Oh I ham am 

Middh-mirt saw ilirsr f-mits m.J thrimf- not only ..**atio)^ lml 

also as limit - of deposititm, tm ('piar T. rtwry ... r-anUm uorrh -if th- 

outer fault and nn Ujijier w U-aer Tertiary «*Mting nortli of thcmri.-r 
fault, Thrtitth this .vaicpljiin tuay still hold true to some extent, term 
am eavepilona hen? **■ In the oihw parts of the Himalayas, ttr. the 
nf ft iiturn tilWic unt later Tertiiuiw So the north of the inner 

Hfiit * f faulting. 
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The nappe zone nf thii Simla region mo k&* a more striking fintiiro 
limn m Kashmir. U irommpncw « mbe milt - north nf Solon mjit folk m s 
a meandering K,RE, ormn^ 4 rtrparal Eng tlir Kml (Pertimd 
Ml by tbr two MTTUA-t ttsnoiK .fologh unrJOiH, Hhkh will* 

tfiu Peiii jnl rbiu-l-i of Uhl* iii^r^rii flimi [ay a Tbe ontrjr Limit, of llit- 
Krol I.h • E r ;■■ tbo Kml e hru^t. I'onttiptituliiii: 1" lln^ Mumw thrust of 
K^hiiiir As shown by Wtm and Audt ri, rltfi Krot ikrmM lUelf id 
el reply ffiMtii by lute* disrurhann^ which have plirntod t ho Kir it belt 
THU Kmt K’-tt t wliirli Ef-ehmigdJy eom^jH.orh uith thrt iVuijiil range 
of tins Kwifatnir Himalaya*, runs along the (Niter Hlffiitk.™ for Jtf* 
inik - of Solon in n turhtly ctimfittrovd miquumi' nf Poniin- 

Curhoniforoiii? hLthU. Seat Siduii. trrtiHiy rwb crop out mt vriudown 
from under tbr Kml* 

Kawt ofNobwi the Krol thrust tJmnpg£resse> *onthw»fdfl nnrl nvc?Up» 
the mnirt tbuiulary {anil Bn^dly nginakitig, tins Krol tour nf Sunk 
torr*T klljr k wilh ffir nulMithoftCrti* fold-licit of K.-idimir, but s* wit Ji 
itii kttvr the- liufuolitliun often jfivutly muwwed anti .ii ptore-j 
obliterat'd by 11 hi iipprrjjieb of 1111“ mip|w> front «>f the frilly iiudketl 
tmMthnuil slices from the north, Hero and there, n$ at Solon, the 
ftrol kgtic itself i« de/nrined arid tlmnnT forward nver Hi- XiimimiliTh-*, 
Mns-ove porphyritr grutute is inirurinl on * krm pralr mh-> iht? 
prrC'jimbtiHtth Thi* *:niiii;t* h guirt of tin- cridraJ rryataHliiu osis of 
tli ft Himalaya, m ip Kii.-liniii- md Itaimra. 

The Superposed Nappe? of the Gstrhwa I HiniiiJip 

The tectonics of this part of tho dtatfmed in & n-^nl 

paper hv J 1L Auden. 1 Tim nappe*. tile Kml and the GurhwnJ nappe, 
are «l|it ^MWfed one <hi the other and thrum fenrair.l to the oldUcinit&fl 
□f Uo- mi too] them nt pin i. p.'s, MuIdJetui^M and GritmfaiU'li d «i |iw:v ui-t» 
vtmliw of ihb motion Mu- Hhiiftkyii Inn I iriren* in ticcanJ ttrilh rho 
fcectbnk idriis prevalent tfjvir, ■ Rimpfe m^rprotutiOfi to Mm profile 
neratd fhi* riiirhwEil Humiliyyu, invoking nn Eioh^otatikl dkpln ^tru nk 
Proceeding north-dwi from the 8itb-HiimiU^iD I"pprr Tertiary 
7 c.n 0 iSkiiJik rmrl l>;t-4i.ui, there arv^ui m-iiM. r-i. .v^nJicty I- Vud-m, 
Hie following welhdeilnHl uiiitn 

\\) The iviUxbllmniJiH fbhJ kdt, mniprkitig n Substratum of Simla 
Elates folded in with ttiu EtM-nne* Da^bai mad SjwAlilt mnM 

(2) The Kml nappe, wj&ijffiiing a think nuot^on of iwks ii* fbr- 
Krol wrieJ 1 [prolj*tfc PennP'f ‘jidioiwtoiiw) ov^H brunt itfKiti the N -tiu- 
miLliticfl djkI Btgfiliai of * I). 

(3> Thft tkrhwnl mp\m ^uper|i..v^ «ui the Kiol toijipe, tlm rektionn 

^teh I lint flu Null.. , d.ir^i. aod Kml nwkA belong mi: lo 

the undtrlvitig ttrd iiiippe eumplHtely fldtrnuiiil the nMei pnl.M oz..je 

i J;r.- s', -S./. vnJ. JilUi. pt, L i03t. 
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nittlJim• ir|vhin!«-ii mu\ -- fiM- 
H-fM-, ■ 1 mrU he e hi- 

rllfMT-Hhi UTIjlK-Ilt 3 i.:L 11 j k* it Eld 

dip Ih'Thu iIfeijfIi hi Ji rriilrh 

\w\u\ rnminer. 

I Ii Thr Great Biimilnynn 
nimje of i;rj*ia]Jlra> phyl litre* 
mid mIiihI»p together with 

tin- rmiHE-rom* puini-jpuHEK^^ 
li i li.E Ekb^i [ntmwiv.' i^rntiEtfi 

bodw. 

f, r p) The Tibetan hhip <tf 
fr^iljfrmuf* pediment* 
iniff Ln frum Cambrian u]i- 
wiinlu tv Ui* fytrtrnmm* 
n, p. m) 

The northern flunk ef 

EI i£ i 11 i ii in h t yii£, Inn * md r I ip 
orYflUfcllirm uxi* p twrnlriE 
111 till? tfigmitJc 'Piln?liLi> Kp- 
enrpnionts w hi eh front id*- 
[*unjnt> HhnuJiiyii* 
as those of Spili r Onrh^nl 
rmd Knmtioii, *4 iowh AjtEain 
ii L^niifwhat simpler l.yjw 
of structure, Iiu i b&ywwf 
thin not much is known re- 
vuniiiiji its Architool iirt-'- 
The dmp 3idle.vioriip In Llitt 
i tend-lint* nf tbr Ttuimlityns 
noted fat Cljupten- I, p. 
nr* nn interest in*: atwly in 
i lie mEvtumtori of mrAinLiin* 
Irtiildtrijot anti Lh i? mK>fcioni* 
of iiu- mhl Eilorku of 

the earth tgairut the 
er noim^ tlif* grortyltoltni*. 
Flnkl work in i&t NW. iThn- 

ftlftVfill cryntufe fins proved 

iJiftf tdii «int1gntphjr R atm*- 

ftih> nwl fork^ximpMif lit/' 
ipfl tile IviL-hliTiiar (Inrib -if the 
ptynirtiis pam over Into Raz* 



Flfl. 43._Sr,Mi lu UiruupK il,-,i HlmU lUiunlfly; 
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ura rigliL mm ml «fw ri'-M«*oiu ..iurU* willin')* <*t*y fli* .lnUtnv, iiJtlivi- 
djnl folds beii* i.ritirflWi- rmm mn-^idri <•( llir ■ f '‘ 'I"' ull ‘ ! ' r 
fewturp tfi Afwribwi f-» fli'- - i tln*t ■'< 

wth-wn™, u a it fnmt U.r TvUiy*. Iu* Inmii priswixi '**un»t 

mul huH mtMiMiHi iu-lfmi tlumltapB of* tuM^nliko pr-jt^ian from the 
11 n 1 i,ii i iVniitNjiltii »WcM t turn of the m-wt ri*iid ^ gtmrnt* of Vlw <*rth » 
m ,*i On mot log with thin nhulrwr ion the northerly raft h. jirc^tit - 

nerci rts»lvi*d Liilo two ... forth* fortit tin- SB. ruwl Urn 

ft l| lt .f fitan the XW ugain-l thn of llii-r tfuiigvlnr jifuituMt. 

torv of tlir FwriwniUu 1 Imrat. 

i'll,. . . . [HMulnt-il -yniruci-of Ihu X.-s.nt HiUMlnytu bsjotut 

t^Tim^fRnrfuniptrtrt) i* IwlfovwitolMiv* nruftnttal though 
i|„. nl»ftnu!li r *Ji ofTcifir] by tin- itwite nuwsif ol (hr Araim l*Uteuii 
futiulioaing M tilt' frivol Tiif r«iitiUiCf< oMht 1-am PUienii i<* 
feldiwj ni^vfrincnlA i# uumifrertnd in thi? Jiot'fiwrt U=nafe jlJeI y <® itJ 
M rut in, In iho g in «-i£ltrii% 1stvftia |H<rkid rfn« rLiU i au 1 with tb* broken 
chain nf the Rajmdhftl JUul Erjuumlufth hilia, form«l thn «trucfaml 
hurl; hour <-1 Northern I ifc a 11 ii - 

IV w-iiiMi!- tfjirotlu^il In Ft**. 37 Find 3 K from MnlcUproW l-ivt- 
jui Idea (.if th* fltmirturnl hdatimi* <rf th* m W|j* Ffjp, 

.U'.l 43 tummariin current [ilmu* oo th r Btninturo of ibe MimAlnytn*. 

4 l* gives n iim«nimmntir *ort.mn nf the Kmhliiir nappe Mup*rp**d 

on tlM" £W fbatk of the Fir l a anjiil fnngu F%- 43 k urnpfwitititian 
of thr Shnlh my\yr ovrrruUm lliffoiittr Jlinukhyn of fitmhti 

GEOTECTONrC FEATURES OF K.W. HIMALAYAS 

tin 1 Kiuibmir H tieiilftyiif ctrttftim of throe utrm tnrnl 
demoii* (*hw PJjitc XVI IT find Flsr 4^) 

(] i TIjis toiljzui.' nf thr. Farrhtnd, Hz |K»ii'|]knodi mufketi Intiup burarfl 

uniiL'r a cover nf Mum^ ^limcntfl. 

( 2 ) A Mi of vmktfkthrmmvt nntinly m*uniWit s fokU wisiitiiW nf 

rof-kn mnulng in from CMrbofiifennifl thrust and 

ovnr tin" ftiirlitrul rw*ti-T«i miAfertho Morroi' ^ri'ioo—lliu Mnrn^ OiniFt- 
Southwjud m'RfbhltOg aud iliruntwitli n iiomiiuim Dortt coijt Aip 
is* tlie pr^ .' -.ilrnl -linduml of ihi^ region 

(3) The ,at inner l[itmdny:m w»'kz whirfi bi* travcll«i 

far ftion^ an almnst iKiriwHJtnl thm^t (thw F^mjstl thrust) U* Jin 

fitfully KiTiwtiltiG* l Wfcjft Ml iiftljn auhH hsh- n. iitotl mt tlnien 

almr^t Axniitrt ihn n -r* liiJid The Kiwbroir mipyw i* ‘intoposed mostly 
nf piu-t;iimhiinn (6alUud» setfeah with a wperi*<Wt wrio* 

(t)ngRt dulnj. fcirmtnjj the tln>>r of the Hlnuikyvt geo«yn4irtfl that ha* 
)mx a ridj^id np nml ihniil forward in a iK-urly liuriitiniai sh^t-fuht. 
On thla anrirnt luiHomedt lir aynediiml biwiiw ^tainliog » mimOf w 

■ i/fPNr tfJSJ, vul. kw- i»i. 3. 
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full a&qtronco of LV&wwHr rami friarair: marine dqwMiti-; in rwkiu* |mrt* 
of K indium. The [fitter -nv rletaehrd outlier* of tho Tilietaii murine 
KdfiA 1 whltih in the eikwTrfTii Himalayan i- <oti fined To tlip north of the 
L'i'iatnil I lima lit vk ik isk 

The iu0*l Imporiaui kwionta frjd urn of Him rtTpmi a* tile .oci’urrciiM 
of two great roneurrent Lhnwt!= chi 1 tie southern from of the Humility a** 
cEehmitintf the* mifcodkihorinu* iiolt* nhnii have lua-n Imeri round tim 
syutanXiaJ angle from Hotum t« Jfcilhfmsje, a dfitattto id ifln tnllra Of 

t ktm two thumbs ihv inAio fPaiijid ibniM) i» the pfi’ aj|pUffeuit f 
In v id vinu lar^i- - w * 1 1 ■ In hi/O ut n I di h } da « *■ ls i ont* Tin? u u lor, i Ini. M u rr( jfl 
thnuit, aliowa ^rcati i h ■-rfit^J iltopiiLiiimriil ami U rtleajuT ii l inelihM soil* 
bnl hm an irquiil nver Tim whole region In it* grafogicwl 

tanstmitkul, the Kitoehthnumip 70m 1 In'twectfi tiro two Hi mat* rnruturto 
of a writBiof invert*d foJd* nf tin- Kc«»-iv * NumtikmJUhi nn'U eiLehtiifu* 
mri^ of the PtmodWIxiiufemua, Pnnpd V'olmniea, ami Trwawu, all 
o.lwly plleatod lint with their r^it* in -dm. 

n u-ulonlu unit, tin 1 flnsnl IfimiUaynti ran-40 1* mad* 1 up "f the 
eryaUfibn tsnuplioi, Ilia root* -if th-? Kiwdinilr rmpjWi the prinwfial 
(fernili' Cjin 1 within tlio inaiii ffimnluvnu getwynotfno* Scormal lai^o 
hod™ of iasirortivt granite and hailet merle* ..*>Mir in till* sum- TJip 
laxml period id granite mtnudon ih |*^M Yr-lac^ipin, nr s'tiJl later, aw* 
ueid-d with The dirlter pbiuje* of Himalayan uplift. fiihotdjiijtte 
i Jriticml of the limit Himalayan nmgr uf Ktuhiinr in the southward 
extension of Hie Tibtljm belt of marine foRiutimu belonging to tin 1 
Pnlflef.i&oiH mid Ifetipffifttoi 

Tht tiimta ifimafoyd*: Pilgrim art -1 Went have diowtl Thai lltt? forkA 
uf tti 0 Simla .eiiftitrafa nrpa ha^4 tfPJtjuLWHl «rrti9» tha brraui 
Tertiary im-ik of Kut«jr» al^S wivtrif<t.«d it to a ikamiw strip tirar Solon, 
Tin- thruitd mproont llul, mumbmui fold* of giwat amplitude, nhowinp 
WJIy displa.^iaeut frnin the ituflh towanla the aulod)tJlonoil4 ht ll 
ftf i}Le Adftitli-wcwt, 11m pris-Canvbrlwi (Jiitogh md flimll «?HmJ in 
piled up on tha Pnrhomferoi^ wad Fermi ah dem- (ftlami ami hml 
siTiesh tho entire h'iiiEJ totally tuifns*nifufOUn- firulp® of 

thei eit|w?fpi.^ttiEiTi uftU* liwlily nn laiunfidFHW'd pf^ nambtfaui Jutnu^fc 

uitd Omil hnihUrtp anino of U10 ^iiu-piotwtts mountniii-topB ,jf 

tin- ni^'a {Idippc iLii oVnr 1 ] 1 i 1 k 1 ?!® l-*wer Fiifai , tj | ZCkt-. , a and I pper 

CarLotiiTi-roHrt (fflQtf J* ohtoitiDd by a «ttidy rf n lative rnrla- 

inorphiHrit and the Htrin c urn I relikMonH of ihrm-t* and nin^kMf rntiiliiv 
The older rocfai> now iaobded nw onre |mH of a <n|jtlaOOiia *lu^l over 
ihk* j|i"i^fi hut nro '-r , psifnti-l i Fmtn th-'lr n-* 1 ^ in t|te liorlfi hy tlio deep 
valley of the Sittfrj To lln- — nrh of the ihEti*! r.nn», ihr a\d*r Ter* 
Maries (NuihBttilftWi an-. i^paraUaJ fmm tlm nowrr IVFlmni-H nf the 
hrfJi-hilU by tin- *erin nf paralfc! r.-v. r-.d t,«uh>« whnh Ii^to 
tumuli IniLisn l,ir\ faults, 

w* IX Wt^t ha* ramp-pud in l ue SfuiU-Snl Irj i*r*'a a idmkvw 



. j pi m pji y winger rock? hy llie itr- 
miiijiLiun uf lJu= tti'i t lying older 
ruekB. The itidm of tin* window .iff? 
fenoed of the Cllftit rdinwing: 

nn tpi irrwlr of fii#i*mocpbkm. 
Within Tin- wind-in liujii **..? nr 
PaUaixou , Numumlltii 1 n}ni 
MiuariH rocks p dipping 'I'fttnfugfllly 
befieftth tf*e «"luul cover. Hi-- bn ■ 
of the CJuita la « pi ft tie of 

nij euhtad -md one of ibipI : ki-3 di^- 
rmtlniirc,. vjim* rctoraWiit folda mid 
thfUflt* Iwflag JifVelupeiJ 111 the Ter- 
Ottrv wlru^i tti until lul el > lurncalh 
thi» Oiiiil thrum 

Tlio inn j or ihnul* of the Gwh* ul 
arffl jmi dijntn in Fifth* XV 11. I lie 
nntar* Kml limit, U wroiltiuo^ 
with ilsr Uiri Umtftt uf tbo Simk 
bilb Miid tun* ^iith’Ra^lwunlw lie- 
vuod N?ihii TiiI TIj e C«Jv*'*I 

thru*l. it< i tat Nile rouLixuiOti* pUui' 

I tut dnnjimwEffiiiv tmhft-hkr nuu$w* uf 
rijiler ronitf lying mer th“ K. 3 -iU m ft 
onttjWr of rfeliffhtd ” on tl U-m p \ 

The Gftfftt HJjMbyMi «l*Jga of 
pliyIJiU 1 * nod flf}-pitidllue xdibta in 
tttiuifl ii|j of ttn? el*- 

immtB of Uto Garhw»l imppe (lAltih 

11did j£n riMitu in thin fwTt?* 

srith tntnuivo *!«ndtn |iwa-g«fi=«“ 
miuJ M-hifti 111 Ir* ra i litu ihmAi* 
rmijddy the hjj*’ 3 C of tin n- ■ ' 1 ■ 

wfjihiu Eiu miiin gncrtYnclim uf t J i•' 

TTlitJuliiyjiti. 

Tin? Ttboimi stonoof mnrm* f« ^ U i ■ 

frjroiift *mlmjrni*. containing tvyr*' 
went arm* of *Ji n^ 1 - fmUi 
Irp Qotiu^in^i 1* lumflisetl to the 
linrtli of tin Inal *ont* in ILL- jwm 
^if Uio Jlitniiljwu^ unlike Kri^hEiiirj 
wlinfi in ■rtiun* I" ii exiihd Ml|it ^ r 
witrcl^ of lIn (TyjctJi)Uiio n>:- I h |! 
htyh [M'ftk^ of iLf a’jititil •movy 
Turjun nf the H irnnlnyie H UiMy mil*- 
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\ H [ of jaurUtm r-jE^b. for Urn giutl purl doJlnu tlm nuniiimi limJi«if Um* 
"Elbe-tan iont\ wl of the Sutlej* 

Tbe Orographic Tran da of North India *ad their nelikiLan to 
Central Anijin 

Eoomtt gcoh/gitial n -..rk in Ferghana (J'lwi Ttirki^hiui mid tJI* ■ Piunir 
region by tin 1 iCusdsui gisiulnifbl*, and in lb* X.W HJimibya by kJiu 
I nil inn Survey, tarah to *.'.Tuhtmh uuily *4 mtrtiutafjil pUn 

a in I tV iiLnr^, ditmlnking ji e-minno i^mj^i - and origin foi ail liu* givai 
mouniMm^ystcmE of Chattel Asia, Wfch of thu Heniyniw ami Alpine 
Age. It ui piubublo, .ye Argnnft bdieve*, tbut powerful nriBu ■ movwonl^ 
of Uu k 'J'crtiflTy and pn^t-Tutthuj 1 Alpine f togimy ifnpamld, ami m » 
gr*at mivuMir- ftlti-rwJ, tie- old tioiid bno* tit Asm ■ A It* hi wr^i cxvj, 
llj' i.ii-'tici^ idigntiuuit of .dl the range* then fun . whnh uu^t in liir 
Pruoir kiKn.. b lorgdy tiu work of the Ufj>T«tlAry ditv+lrupMum. Tim 
orientation of Uje- Tien rihjui-Alai-KiieJi Lun vyawm of radiating chain# 
in Jjm rmrih* iIi:lt of the Hindu Kiiib Kurakoram sire of the in Eddie 
amt of the deeply redesi-d Hittiakvrm an- in thv ^anth, all fnf=e m the 
Vmitiir ™nex m knot, 4 cron* segment tuiltpm 

a* having tn eijiULtoriaJ strike urhiiitAtJun in tin* inirf^t of mi ihi ' row 
divergent iriaid lkjes radial tug aaray from Et. To Mm Mmlh of Use 
Pnciiim ht tin* Punjab trudge (be pivot on which ti.no n^ouldod ihe 
Himalayan syntax** anil tim Hindu Kuiah-iiamhunim synUuuH Thin 
S.S fine of the rnw't i iimu-rtjfig Pamir with Punjab U thus d‘rritinaJ 
Importance in tlm oragimphy of Ada. nmi will tab- u key position in 
futme work ini ■Jrejjwntnkand ftwbanh^of ofi^taJ million in mmintoiin 
building. 

The kmv-bandit nod ft^s tootling uf tim HtmaUynii arc, oaiutod by ihv 
rtHiriion of Elio ph^tm earthTotrlsof tins newly rseirg Tncmns jh«h? again*! 
e ho rigid Deccan htm 4 ■ nrt of groat inttuol. \VV ha* i urn ? ho t w> * ino&l 
praminenC of ihcw in t hi- Punjab anil A*Mtri w+hJ^ eantung ai:uIp 
jui ipiuc i if the mountain -arc*. Ata equally alirupt ityiitaxii of tlio 
nioimiaiit-fobiis which bdoiijL! to iLe ■■u mis-cumtern Hunk u( thc b SuinEmiui 
hifurantJoti of the luaiu Hinictlityjui axiA whm id join* on lo the iraiimn 
nm to Urnwi-aLb-mi nftilrQtifltta&S B*J.u«h|oAa^i Thi* oump^iTjYety 
m inci-r hut smml -pei i’ii iiIjit re-entnint nlnnrsn bundling up of n trnilli- 
t in lt> nl nomml untmJiiuv and ayndini^ of Ter tit ny, rnrtai«uiiA a ml 
Jnra*dc -tmtii it»ro ii ehwly f^ktui sfiesifmid furr^.i -.til utru^fak- 
iu^v - by tw-i fthnijjl run'i-A Thrav tajrvea are t|w rssiidE df ionie 
cnirtiit |Hf art toting Elm fn^? iijuvrment tA Llie folds tOVFJU&f the nouth, 

■ tripJtnr preifeuirc#* jiuting FitPiti the north and north 

From I , nn--ldenui[ill“ t(m- Vir«M IN ei,|n.d IE 11 1 r tlm Ur-^l 

Hbnalitya Rapn?i> trom ihe of the Rnkiiiha|ittitm lo Xun^:i Ibrbni 

nu the IjiduK tbootes tlw HiriEahiywi polaiii, the asb uf orl^iiud 
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uuwferti of tin? bottom of the Ti-thy* gawynalln*. At both end, it 
ha# uirfergnijo sharp *mth*nrd d*m*tiou* owing to tha alrtruttinn 
offered by ibc mirth edge of ikti Coiidwiinii block ot the Pccwut mid 

it# projecting *ngl* and ™j"*- ... , , , ,, 

Will. m.»nl to the question of the diWtfm of (htw RP-M 
movement, and displacement* in Hie North Iinlbri k*mhi, iw'> mm- 
imrt' view* iwvoil «nd tented* work in the field him Provided no 
pcflvinciiw dot*. From tlw markedly oottw* tamte or (lie Midnyui, 
|,„jo,iturmjh, Himalayan ami Inn dun tangos away from die centre uf 
\*ia. on*- * lew itMtuktcs a southward wwp or drift of the orn-t from 
mirldio A#ia rowartia Oomlwannlmvl, Tin* irregdatUiee, deviation# 
nml caovexiti* are. on this view. ascribed to the raistnn^ offered by 
ilir irregular front of the rigid Meek of halnnibr India, Arobui and 
oeriiaps. to a f«» extent, I In- IK*ih-wwl WfJH>r of Africa The Second 
view r^nHe the main direction of prepare a* having corm- from tlw 
Nouth. 11 don not regard Guudwatmland w n pafflhre resiBtfuit block 
only, hut hk on octive agent in prewing the plastic pwamdimil Mrala 
north winds Ti don not credit t single, united. southward mnvrmvtil 
it# competerii to jndiKr the conw-jrltiai of mlmul and mountain a* 3 
trtJ . ihf Pacific are feeing ernst and the Hiranhiyan feeing -uuth wtsrtj 
hill regards ttndrrthttmlhg »ff tiivoussn fit** and a positive northward 
/frift of do Indian foreland «■ more jirotwhte sources of mortal com- 
jtreesion. The latter view line thr plausible support nf isostmiy. For, 
•■n a lateral or redial spreading out of Otmtrel Asia, then' ought to be 
u tiiTeei of matter in the Tibet-Mongol roginn, whir li on tin* ™nlr*ty 
shows a positive gravity anomaly (n superficial hxih-a* of mat ten ,1JI,C 
contain* the greatest amount of land mm protruding above mean w>- 
level of any region in the world A northward drift of the Indian 
continent, however, mill remains to In proved. Mcafliiremrtit of ihe 
oninmomhat latitude at Debra Dun nod ekewliew in India him beeri 
repeated at. different times during the test hundred yean; the results 
have shown a few irirgulw changt*. but there n no -niggi-tinli of any 
miumuma drift of fh# taml-ma^ HHivr t<o tin* nraiih or tiny ijtlirr 
dSit^tioa. 

On tin- *11^*% tin evldn^ fmm wtmHur## lnAulimtippwt to vieii 
whit h pwiilUt* ' pretfun^ rnr-in th« north. Ew-w* VL 

On^on. R*iky W11IK iunl itlto Mushirtov Mtfi nther 
biivc woricad in thv Fmnir-Ttiirkmijiji fiefrj lun e- nil mg&rfUit ihl* m 
thn main <iirr^tion #>f nartb-pm^nm it? Ihr pi^l-Tf rfinry 
of fVlltrrJ AiflA rtOil ftulb-. 1 

Th^ Ag? of Une Tectonic h of Nortli India 

EvhIitiw of the fjxxtvmr youth of Him4hp«VI otogmy hn* tnultiplM 

f i;!. K, AVudOn, Trenii-tiiii^^ i(n b iiamn1tiyn«. J#**rn r wl, 
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of fm piu yr*tr«- "ITir ultjnp mill crW-v-nttuxa nf thn Ph-inLocrut' lake 
* [d{hihiIn lit the kimhnnr mltcy shuntm srrur\ t runtairiing iitunt .nn| 
yi Ticking ivmuJrtni, in ** heighi «f + Mknj i|hhn twit; the rjiMPGtjrm of 
<-«lu tali ring |n IVrJiijirv tummiuilja. to n dnplh u-fuvrr 

nllMXi Iwtp and the timtlirtiitiuig «f the older HuttAkyau ruck* upon 
Ptastocttw) gravel and ullii viiuii of the plain* have been noted by 
radon* observers. Thu uplift of da* KittuI h.vjh, initialed In post- 
NauiTinUitio timr. run tinned late mui tin" HHstnrojic: *trmta n-oni lining 
Iton f Kkphm miti urtifai-ttf nf jWjhErtt^rii? Misti have twett steeply folded 
hi ill r fot>l"bilb iif iUwalpimli and Kangta. T\w multi ttnwntrarp of 

thr pEuinn uf 1 t uiLj 4 ih r Bikur and It rigal « r n* < , ijn<*omii.n:it wiili this and 
even eOflt 1 j sLin'd in later tinted. 

hi the IMt-Bange and hi the Assam Hanges, tm pmod* nf uplift 
are remansv«l: (I i Koetinr and Pliow nr which ■‘vinlimied into 
the Fkiititnirenf. Tlii* latter iliiwlrophium vmi probably a 51171 ipat hath? 
movement iwe^mpHuykg the Hud HimaLtyan phut Thu Warn 
plateau also rued veil an epeirnptiujv uplift during tin- LuIj- Teri inryj 

MMtkin ranges which are fcho result of one upheaval are known 
a h mvmujH tifiir ■ tilt ihi* i »f several su hums ire u p I iita vain b - 

Hie. The Terlinrv deposits in the pantile I belli* llanking the 
Himala yas oil Else south side bear testimony to flucecsetvu uplifts 
of thrw lununtaiiiA. 

Tie mountain arcs-nf Kind ftaliicluatmi and Burma. U> the west 
uni] fcbe east of the Himalayas, are of n more simple genfogioat 
Miruetuitt, and* iu i he sitcensainii nf normal jinfidincg imd synch ties 
of which they are built up- recall the type of mountain-structum 
known ks ibo Appalachian, I el the former areo, especially! the 
mountains reveal a very dm pic immature type of topography. 
Here liii Mil -ranges a re imLidin^ with intervening Hynulinei iisf 
valleys. The xkh-H of the motmtaiti*, again, am a iHiicfitosion. of 
dip'dopoft, 

in regions uf more lulvmncect topography! with greater rainfall 
and a coiisetjiiiinlh greater activity of subaerial denudation, c.j/, 
the outer and middle Himalayas, this state of things is cjliite m- 
versed, and the volleys and depressions are carved out of anti- 
eJiniil tops while the more rigid, comprised synclina) systems of 
strata stand ‘->ut oh dovotml ^Tfuind. 

While the broad features nf ihc^c regions are ^Icly due to 
move men t> of uplift, the characterfiitic flconcry of the mountains, 
the rf(!rriisl of range behind range, separuled hy deep defiles 

1 Sotii furv of the Qknslsy* mwi of dirt Xortii Indian Ifrfd n h tmt. $r* Cwfpr 
Pt w val. \3iv_ pU t^linllls. iy^ 
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HIU 1 v.ilfcv». liii< Iwnttirriie -if «uu-i*h*™l- l M J '^ " ,ni 

(Wl ,*~ ii.nl ih..her rug*.'pollin'- which «)'■' U*tl* m. ,(lL »* 

theJr ahamctcrietie Hh‘f nn .1 onU«W t 111*- 111- Wlk oflhe eroding 
agent*. ploying on rocks of different ^c.irlKr^ mid vaym* 

Among the mc.imt-.me ..f tile extra dvalnauk tie- Kail Range 
lllllfct lx- hdd W «P iUufttriit.- 'n pf A I « 

nrUmelinalnnllim* • -. it# atetr *'«*I"*™ -* !J ‘ r '!' " ml ' hu 1 " ,t! y 

nwUiorti atopa, ,h,lT Thrr SUt-®""?* * tbe 5®* 14 i* 

mOMuliiiBl uplift wmWihiI iv ill i u lateral thru*l I mm |h. imrt . 

whluli hoi drim-’M-d i lit- «Htth*tn p^t nf lbi ‘ . .. , t-1 

Punjab Ditto «h a# *P "N-v |WM 1.1- tr.r.-U.Hl -HI- d.,i....v« 

m .T it .thaut 0 pill Jo plane „f t h™*«* The A «Mn wnp*. (l11 1 
ullur huiul. has hiwl ft diffen-fit origin mid hkrt-.ry. Imvinss 1 * 
backbone a gmnitc* wattif Tin* piolwp p«t ofA-am bu i* 
experienced any comKM* Tertiary ; h [M.rt- ; Twbtoy 
inovorjio&t*, hut there has Iwfln o tilting which has given the 
rjbfcm * slojN' Id fch* wrth wit* Mr ’ ^ * llisjl *™. ” 
iilflU'uu ^ bnttnded by n grow rf.stisap ^iflthtrrh dip ii»^>ciaibi. 
with faulLutii- Euatvndsi Uie gently ilippiiiK 'IVrtiary twk* " 
t hn |.I,.|run liavn boon isvorridden by the Htflong-Dialing odd - Va K ' 1 
threat* which hove curried the Tertiary tai* of the Ifetbu nmp 
irimiv miles north-wttsfcflfords. In the plhtcmi portion *d lljp 
.Aosaiii range there are olact north-snath fmilis, wn» <'[ V“™ 
showci! u largo movement during Tin 1 unrthquakB of 1 HfL |- 1,1(1 

Aiwarn reaion’o awaceptiWUty to w.rthqnftk.- i« due b» thu late 
multiple fmilling. These two rMgH's. riT either eitmuiLy <>f tin. 
trlmn* of India, shorn some oonunon physical faniurr* and art 
miiipLc In their physiography among the im .nnuni i-m> loin- <■*! 

Indio. 

The Structure of the Peninsula 

The g eolUgle*l atruetiireof the- Ih'cum Penfimtib (brunt« single 
onut-Ulock. tin- rigidity «< which is not weaken '^1 hv »">’ ,!V<r ‘ 
loading of large or deep ht-fte uf deposit#, r 0 . •» remi.t gWf#W™ 
muuntam chain, lids old aretf-bloek, no doul-i „ ojino-d with 

t Tii" nturr'ir- ly rntF-lwnl — . Wat -0 -|"y. «t lJl ' h,r '>’ , rn „ tlk ; v '* 

Himulm.o, « Iim ii fulunfly ro lb- srti‘i'i 'it •*•"* J ^ ti _,_t.ua. 

ibmlv«itkdw wiMnlitHjriinwtli him) imilturn gf ila- Im— cr > 

t,w Iw m*S.L IS of X 

> iiiij in O I'"IIIC ■' ■iirrrrvH..n n. .. . . '-'" l ' L I J 1 

IitvmI liinamniiaiJ »'Jilliiv» in ImiIxi.-M, 

' K H Hop. 
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tuir'li'ni immUliiliiK, iupw | n'di'fjJiiunl DJid csrcMlfii id runs! in their 
mol* -imi forming, in hurt. (in- gilder* «f framework, The*® 
ciirrt^iitinh* Imre given llio it* iniLin trend lines nr 

structural - 1 1 the AravnliL-i, uin.l tin- Rudcm iHiut.a Htrike- 
UiWt. roughly _V\ r E S$W. T anil (lie lihurwitrian itriko '’Mending 
Under t!i>- Itri'nti! Trap mui joining w itli tin? Aravullis. Acrnris 
oinKitnrul liii>-> i- ihu l«^- ii. fruit. Salpura strike, neurjy 
lv-\Y.. extending flfWft A&fcimi to Li in west coast. Heidis Ihr-so 
ilni-c prominent told*** of the DttrtMt* ihorc am wywu I iniimr 
fii'juf Atun))ilin!! ur folding ■ a the Mulimndi #jw 1 he -VW- ■'-K 

. d. -T tlni KimijiJuJil*.' rocks of South Nligiri. Madura K*& 

Timwvclli, which pcnsi*l over n lurin' jnut of Ceylon; urn I I ho 
ercwmilitf strike the r«]iJ»)Mili 1 ulb ill. 

rill 1 only jKvt l’ufiiJii loadings uf tin.- lV-niite'lltU 1 block are thfi 

(foniitvuiiii -i'(iiuifji!':, in kiln! narrow lnwinn and the large ma** 
nf plateau basalts, Tluow, however. have am imp tied any i^nmp 
ling nr wrinkling and, thereforo, li&ve not affected it s rigidity n> 

it Itomi. 

Tin* Duncan sjiii-ld, however. though <rift a rigid block, i* nof 
immune Grout fnvctiire* or faults. rfcvrrnl promift*®' lines of 
faulting travel* ii, dim in teiraionol stress**, a? igainsf. com 
pro-Mtorird foiw. Tills Ims iaiiiwrd mibiirdonw of Mods*, < 'J 
tmiiph-fiiul'inu <1 iln Otmdwanl iudw along the i idlcy* uf r i>' 
Dunlin Ur, (Ilf Mabmintli mhI lli« Godavari; the gnat .MnUlwr 
■tml BfakmiitmiuL faults, tint Xurhndti Tnpti faults; Urn linjputaiui 
tmunduy fault. <>n the SE, fUiA of the Aruvnliw; and niiitmroiis 
minor fault*. 

The mountains of the Peninsula- Vtilh the except nm "J tJit 
im> w tiisplv eroded Am. illi chain, ilfl theother nioltntahu* of the 
1 ■ tjiiurdisi nit* iin■£> hi\h ■ ■ E iTM'i'iiiQiii'iimlnTKm. tlir ^ 1 'I' 1 1 ^ 1 il ^® 
high pUlciute.d'Smith India Tin*Arnvalllrange,marki ng theaH c 

of one of the oldest gi'os vin-li nrj rcirtT ii- w nrIT. fa ionT The inTftt 
lioiiiinmit nnmnlnifi-ra4 pa ofThe Indian peninsula. w it h nurhirfl tsr 1 
niodiine hum ImHT^nii tW O reel . It wa* iwnepInawT m pf* 
GnUoni*' tittup lint W himv dightly ujiwwrr^l nwl _di*- 
si-eted m the I'eiurnf part though h.rj-e itiot- of «-,- r, r„ li.ijjm- 
Uiih am a |HUH*i>kiii of i- ™ relief. Strneniraily.the 
a eloarlv plicated .■Micli noriutmif roekn of the Amvalli nm 1 iH Ut 

Kin l rimi. I hr l^f fTTfo niiiiie the cum ol lhe fuM t«w«nue ... 

feTii-lh. to IiUf in a XB.'SIT - .lintelion. IU tarv^Tmt- 

Mist I hi urn In ry in a fault—tilt’ great boundary fnull of J^jpuuma. 
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which hrin^n the Viitdhyiuis uLgdliui t-bc Anivnili nystcm. T\m 
till In §0pUt i/f ttfw Vindhyui fwiLli tin; powlbb exception of thfl 



fialpuniH ftmmftfr [iruniitirtH'iv. nr millicr* k K fl rihmdiny white the 
surrounding jun-tr* hover difiapfkvtri*! in tho prukuigpd denijdfttkni 

whidh tkegc mgionfc iiuvu under tfuur Mjiny (.* f lhi*r "mountain* ,r 
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airtf to Iw regarded wh ridges between two opposing dntin&gpfl. It 
ih tliiti circumstance which. holnfalf 'ktcnmiuvl ihi'ir trend and 
has guh^qiicrinlv tended 1 u preaervu 1 Niun m mountain** 

2. PLATEAUS AND PLAINS 

Plateau* are elevated plains having an altitude of more than 
1000 feet, limy mny In? of two kinds: (11 Piftteaatfl or plains of 
rtccuimilatmir whether sedimentary nr volcanic* and it) phitaM* 
and plains ut enmon. 

Volcanic plateau—' Tb$ bent ex Ample of a plateau of accumula¬ 
tion in India is the volcanic plateau of the Efemoan, built up of 
horizontal tava-ahccta. now diwepted into uplands, bills, valley? 
and plains, lie external configuration oorrenponflH exactly with 
the internaf structure, in the flat tabta'feuppnd bilk and the well- 
out fltair-llkfi hill sides. The Western (*hat country abounds in 
such plateaus. 

Erosion plateau—PImrants of erosion iraull from the d emu kit inn 
of is tectonic mountain-chain to it? hnse- level and ita sntpoquimt 
upheaval. In them there is no conwpciiHienw at all Iwtmten the 
external relief and geological struct ujiaj. .Some parts nf RnjpftKuiJi 
and Madhya Bharat are an example of a plateau or plain of ufp«* 
ion (pencplainl : part* of the Pot war plateau are another. The 
Archaean terrain of i hhola Nagpur contains penoplnned tracts 
studded with a few’ isolated worn hilltops (iWfrTtft), detached 
by cirtm 01 ilcnudation. The himsunrh hill arid the numerous 
solitary eminences of southern L.'hhotji Nagpur are good examples 
of such hi sel bergs rifling over the general level or undulating con- 
tours of a peneplfuwd plateau country. 1 .Ti* Assam plateau mmt 
1>C regarded as u plateau of erosion, Ft detached, outlying fragment 
of the pcniusuhi. connected with at through the in term it tent 
Kh jumbal luffs. It hoe received anine epcimgrmc uplift since 
the early Tertiary, 

Plains of accumulation—'The great plains of the Indue anil 
Uaugee are phu ns 0 f sen 11 nentary aeon nm I ftt.jtm. The hotnom tatty 
.stratilied alluvium ban the simplest geological structure possible, 
which j^. in porfoct agreement with their Hat level -mriiicc. 

3, VALLEYS 

_\ vnlloy ia any hollow between two ctevated trant* through 
which a at remit or river flown. Valley's arc grouped into two 
elates according Lo their origin: 
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u iLb every upheaval of tliv inner higher 1^11lye- 1’ |-J1 *'■ 1 l-ili* Moving 
lllli "logical e hammers mid *trurtiir«* »f tlm cutfncv- '*v«r which 

i l„,y Mrm have j;!'. n rise.number id " d* ifnlb, (mu-adr*, -ml 

rapid* in thiMr ocrtiww. Tb*« -Bill gradually disappear by t-hr 
of head-erosion, and in the Inter stage* i»f valley-growth 
wHJ tir raplsmcd by ravines and g"rg™, The narrow defile* iff the 
Hlnmleyun vtfky* are liable to be choked up by Various acridviitul 
circumstance*. such fw landslip* glaoit-r^. etc.. aiui phiduee inun¬ 
dation* of n U'rrifii) nature w hen the dam i* removed- Severd of 
ikuwefloods are recorded within recent time * 1 Many of the Hima¬ 
layan valley* have twon important high-road* of iwnuntiw with 
Tibet, i iiiini anti Husain n Turku* ten. etc. -inne very ancient limw. 

Tin- iletip gw-pes and caiiaM, •so rJinrncti.TUitfc ■ if tile Wt-Ibutyi 1 
mid Baluchistan, nrirduc chiefly to climatic raiwes. The river at 
rin- bottom i* actively enrrailing and lowering ila lie*!, while I Tn-ri" 
no denuding agency to lower the hanks in tins# itriil. rainless 
cuuiilrira at an equal rate- The limestone rocks of the »Wc 
dial nets have also Iimb a factor in evolving these fi xtures 

Volleys of the peninsula ’flic valleys of the Peninsula offer n 
atf ilfinf# cunlrast to those of the eitnr-Tfnimmla, for the former 
have reached l he adult stage of development. Lottie of the princi¬ 
pal valleys of the Peninsula are broad and shallow, their gradient* 
low. and by reason of the levelling process luring in operation for 
u long series of ogi«. they are near the attainment of their bltHO- 
IcveJ Tlicir curie qfcnuiw in. in the majority «f ease*, a regular 
cunr from the ssjurce to the month 

One exception to the above general esse i» afforded by llie bills 
of the Ntirlitnlti near Jabalpur, and another by thu fallH of the 
Cwivery near SnmmbMt Their existence in jSvbt obaunatf 
of stick great antiquity is surprising, amt moat b.- nttribuiwl to 
m-cent tectonic disturbance® pw;e H'ti 1 he physiographic 
fen lure? of the Narbada valley are of intercut, To the mirth, I lie 
fault-trough is hounded by the great table topped sandstone 
escarpments, MO to 800 foot, of the Vindhyun range, and to the 
south are Lbe gentle stupe* «f the Satpuni nr the Mabadev liiJIs, 
falling away in a wrics of abrupt scarps to the Taptt river at their 
south foot. Tlic eastward exterudem of the Vindhyan t-carps. 
the Knimitr bills, continue* the range along rhe north Hank id the 
Strti Valley - The main** of the Sou Narbada rind the Alalia uadi 
lie around ihc trap plateau of Amurkaniiik. 

' rjinp. 1. (J, li- 
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The above reniiirlas only apply to the \■ alloys of I Fir eastern 
drainage. The email hut- numerous etreuUiii that d^chaf-go into 
l he Arabian Bea arc alt in a youthful atale of develop nsviit, being 
nit actively eroding. rommim] streams Many of I bom abound in 
rapid-'* and fullft. of which the nwt famous sure Lite (icraoppu Full* 
on the Hi vot Sharavati in the North Kanara itiatriot v but that* airr 
ft number of other l(^-hnown instance Tiiht greater activity of 
the westerly flowing atmma* iw* compared IO I he opposite system 
Of drainage iw + of course, due to the former sTraum? having to 
accomplish the ajinie amount of descent to !ho oonNt m the latter, 
hot within rt fnr shorter distance from the watershed. Under atich 
nirciimbtnn ws, a river periforma much hiaad-eroeintt, with the result 
that the ir&toraheti gorHi on continually receding. This process 
will continue fill the watershed ha* receded to about the middle 
of the Pen man In anil brought the grade* of the channels no either 
side to an approximate erpiaiity. 

4. BASINS AHD LAKES 

Basins And lakes. Fimcttttfli of lakea—W« j have ulrwly con¬ 
sidered Lise great trouglia nf India—the inda-ciiingotfc and Poi wur 
trough*, the Went Rajputaim alluvial huahi p ell of which an- part* 
nf the great ^yiii-liiirmutii of North Indie , 1 and the Irrawaddy 
trough of Burma; these uiv a part of the gtractnr&t framework of 
India. We have here tn wiudder the minor topographic deprr-*- 
ioon*. Burin* lire lurgiir nr am a Her dc predion* mi the ‘UiiTiuv k the 
majority nf which are filled wish water. which, neizording (■» focal 
conditions, may be frewh* bnuknh :?ak, Lake* nre of import- 
.nice 11* regtiiatnr* of the water-*upph of riven*. ensuring for tln ns 
a more or less even volume of water ut ail time® ami ftmmn*, and 
preventing sudden inundation* nml droughts. Their eFfect on 
the hydrography of n country like India would he very beneficial, 
but rts stated bcffllTt in the chapter on PhyNirul Feature, there are 
very few !nkcv> in India of any conuMerabli- magnitude, Hen dp 
fofcijrw a* a feature in the physiography of India play but lit sic 
part. Ilte origin? of lake* ihu divert % The following are n few 
Indian omnpli*: 

Types of lakes —\ s i Tectonic lakes urr dm* in diifemdial nurt-li- 
movements, f'mr of which urr nf dm nullin' of ^nimetrical 
troughs, white others atm line In frai-ian- nr Mihshlrtmi’ of tin* 

1 B. n. Ohlhuttk. Stmuliif* njf ih* QuftfQtfc 3 Wi, Mrm t'lJtJ. Tot. *Iii. f»t S. 

mi 7, 


i»mhocx or tmn\ 
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umU-rlvitiK *tnrtn. Tim old PJdfttoauM lake* of Kashmir. whim 

tnfcmHl frum tlin Knrowa iic]HJ«ifcs of 1 hr prwnt day, 
wnH* fif till* iv|M' 

(L 1 ) Volcanic hftffrn*- Th &§fe are cruler-klton or explosion-miter 
J.ikm. Sin fjimuu< bflUAr Iflitf of rffi-tt water in thr Butdaim db- 
trti'f Berm\ ore n pie* a hollow w hirfi i* supposed to have originated 
ili a violent ynkiuik explosion— -[fxptumvrt'fruii'* 

£ ;t) DiflWiution basins Tln^ff are due lo » depirotsioTi of tins 
4iirfsH^ hyiwiffor.tntiitmd -alutinn of-utli dupodtH ? (>rcifBoliihtaji(^ 
Jlkr gyi^ttm a eu l Iiiiii^-tufic -Smut* of rfic anuill Inkcs on tbo rnp 
4i{ t,hv Sait-Runjro imv Ik due Lo linn ci remittance, aided by the 
irregular lumping of thu lues* dejmslts tm it* mirfncse, Sdfiw of t.ho 

tvimlllrhih l.ski ■ .ih" art 1 iii thtr iintim-. 

( 4 ) Alluvial bairns- Tkv*o tm* formed by I fie uneven clepontticm 
of <oilimont^ in drltiO* of rivers (.Tlialrtl. no nit ■ take* Are fnnnrd of 
ihr ilr^rtiHl liMipi nf rivias (buyou Ijikimh rU\ Tfm im -ent lakfiff 
nf tlio Kashmir valley art 1 alluvial btaiftiiof this nature, while the 
Punpikunv T^unnrirt and thff SaH-Lalce of Ladakh in Kashmir 
territory arv i-Tphikiwl hy Dw# is* having a somewhat iilTcrent 
origin . 1 Thry have be™ formed by thu alluvial fans from the 
;jiib* viillr^ i t hr tnliiturM cf-nakur dm main valley and forming 
adfliu which t in waterti of the main valtey wore uuabhr tortreop 
awny A mirnlAsr of tlm lake* ofTfbM luiv o uIho originated in this 
iiiamnn, * Nile «»mo nr--aujipu -rd ir hive urljpniited by cliffbmmdal 
eartli inovoiinuit* -tert-iiilc btuiiiiB. 

( Aeolian basins jir-■ hollow* lyin^ among wind blown daml- 
he»]v* -iml ilwhf^ Thevi arc wmill and of temporary duration. 
Si11nr of I ho Kalt-It/inge hike* ate aooliaii hamnn ; tin? numoroua 
/J/tfjWv .\dinll H.dinc ^r itlfciillno lake* of Sind olid VV .. RaJputAHJi. 
■iti' otlu-r 

i;nj Rock-fall basiflii anr* Inkr- by land^U^ or tmid- 

-liiitv, ^ixi^ing l lu 1 preojpilAttim of largo inm&u# of aKik uvro** the 
-i^iur^vL. They ait In «omv caafis pomuontp Tim =uiniN 
liUcK-i of Rnii«Jitikljnnd in ■ The Uohrin lake of d.trli- 

wxih hnini d hi a tiugO IjtTiilaUp u Irlhiitan tbo dakigosjn 

Itsikt. si u reottfil iMtA»CR. 

< 7 j Qbinal kke.^ They Are olten pn^akdl in ilkirrots ^tutih 
hear rhe marks <if glimiathai. In p«nis cimmik tIu? hodm^ arc of 
glacial ArfL-nnit (trw r orb dm hi lo- 1 4 111 olhnr ej|. j - they ate 4m; U« 

11 ^P|Tnr- r HH limj 1 J ■■ 't J r U • • t 'P* r IlS'tS-i 

f Tin- tiauill nrml Utf1l» "i> Tit*: E"ir l^unjwl i«f il>r- 

ar^tlpUim, 
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iMjupK of morainic rirfarii conhtTiuthor h brinw ocm- > ^Unml 
strait irc-H- XiUUCfoaii turns and tube? mi lln rmrl li-rmt Mop*. of 
|]m Fir Fimjnl lira example**. Nun# «*f tiw KJtmuinn lulcr* nn 1 
M scribed to the Utter origin. Old izfnruil hftsim* JmW alteml to 
^riasHY moivfows, end hounded by terminal mrimim^. nra mat wil h 
ill from of some of the Himalayan gUcicni (a hre-h oro flow ratreul- 
iriir), Some of Min nj-r/ rg& of KasJunh nrr- illu^ mrii-riF- of itnrli 
morainr Hound bftaiiip 

1 Lagoons. The ffiilka bike of* ami thf Pillion* luki 1 of 
Nellort* ore bgomidtke sheer* of hmcbinh waiter whic h owe their 
origin to the deposition of fiar* nr trf *mLd. drifted up niong 
the ooftfif by thf notion of oMkpiF? ROft-ountFntifc thr iiiimf.h* 

of small tjays or inlet* The lagoons of ihi I ravnti*-nrc uhuiI; 
ikQtjqJfl) nnrl of tVylrni are ofthb nature 

5. COAST LINES 

1 iHMMK^-fu.if .i oomtry Rh Mir joint prudimE nfe|iigiw nnd 

hypugune agent* A highly indented -tin*- b pccmetnUy dim 
tn stuhudfineci, while n recall tly L*li-vnr«l Ciwut i- Fnintifl by h-vd 
plain? or plat ftuiitfi, cliffa and rtiktkrmsh*^ 

In old |ambti which have mt undergone reivid altonitioti of 
level, many of the feature- an- Mir mult of the e#i|ib»ncd marine 
nnrl soibaerinl erosion, 

Coast-iinfiS The- mcu*i diiir of ln-t;> l* mrr*j'-imtivnly iiiiifmm 
and regular, unil is broket* by tow indislUMitm* nf any magnftttde. 
For the greater par* of iU lal&th » nuirly iiul irocitI v^nIi living 
jujfjjff -strip LaTTftsb^l by ^ diidlotv I hn prnporlirm of tltoon¬ 

board to tkft irieim length of i he ^fih- of i liv EteniiNiiibt U very amali 
The western Roadtfsard haa, hfiweu r, i Urga nuntW oi hIulIJow 
tiipoomi rind backwater* all iiliiTEg ft* Iniplli, wlifch ^iwtitttte ati 
import iml tnpngraphif font art? i«f ihe*c Tbl- e. aM is 

export h> The actirm of rb^ pei^hteisi wmrli-w* it i r aies 

which blow from Vfiiy to Urluhvr md U. PHbjent b. 

more ar-five nimion hv thr than Mn- 1 ■ l!i ^L The 

rapidity of tho coasrjtt eftwion k however, in ^sine m^iumiw m 
tftTdedi by ll» gently ^bnlvftiE fMture nf the ^mdy *linw* P and oho 
bv the jngowu and bftrkwat4+i*R 1 hath of whi^li Wp 

break the fmj of the wnvei. The emtata ana fmiiti d by tt m 
snbninrtnt plain or j'Ut.fnrtn, w- hiirv rln 1 ^-rt in ru'itrcely l |,n Utbumr* 
deep. This ,J jpliiin «-* mnrtnr tlonmUrbm b mm h hmulw hn 
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thi> svt^UTii roost thim on tliv extern, On both the rsoisw them 
hit* 11 mined bundle* " T nr ninttf nr 1i>* level atrip* of c-Oftst(il detri¬ 
tus, tfittirttrd nt u level higher l.tmn Lhu level oFhighoet tidea* Thiff 
i.* si proof of a alight rooted i-lnv at ion uf I he coasts. Fur ■*! m dural 
ntui teetimic foattrft# of i he Buy uf Ihmpid and Arabian *Sea eoa&t 
Utiiifi, see ji, 35. 

Tb? Arnkam coast. with d* mimeroua eetruarioa and in tote ex¬ 
tending jidruui fn«m n hroiwl submarine to an excellent in- 

4afHT oT an area lluii hns iiniler^ruiie sum Kt'Cniil it^jtfWision. 
Similarly U appear Hint 1:1ns whole of the Mda\ ingmi, which 
once a cumin urn is streLch of land from A^am to t ho 1 hitch 
Eaud Indii-. >sq^h been flqn vortwl into tv rhino of island* nod pfltlifi- 
.-4 u ] jh-^ by pivlungtHi sub rue rgenort uf 1 he hind or a ritfc in wi 1 !!-tovet- 
I'of fccxiut rliii.tuf Ji^ r'l nt.i * In- weaL ■uofiai and on the fhtof 
of tin? north Arabian -Sea. soe p 4fl h 
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Is tit? pfiH*®dlng dmpfon* .tv« have deiill with i Fir stratigraphicol 
and ^trudmal geology of India. h i&i n«?ctBi3,r> p fur the fltiidont 
of ImSitOi geology to acquaint himself with the various mineral 
products of the rook nystema of India and the economic resource* 
they puwcffiK In tlio following low paged wo nhali deal uirh thf> 
occurrence, the gooiugloaJ rotations ant! ^me fact* regarding the 
pnajuctioiL -hf tiiu must impumm of thaw jamlui 1 ^;. Per fdlhtt 
detail* as well as fur statistics, reference iiuiv tw* made to the 
ATci wHant giiiuqLiemiial lie porta of the Mineral Induction of 
India, published by the Geological Survey of India, 1 

For our ptttpufte tho various todTuI producr*. which t he rock* mid 
niMcrnta cfTmtta yield, can heottauiJfcd Dnrterlihr* following beads t 


(1) Water 

(2) ( lays, Sands. 

(3) Li s lie. C'cmente, etc. 
\i) RuiMing Stime^ 

(£5J (W # Peat, Petroleum 

etc. 


\*n Metals mid firm, 

(7J PrecimiH and Seini-preiiioiiit 

St 4 uniiM>. 

{s\ Other Kccmotnie Miiinafh 
and Mineral Prodtmb. 
(\\) Suita 


An uppral&ikJ of the total mineral rewoura* of India wijjir known 
to geoliigjiits brings home the fm:t that the mineral wealth ytf 
India is not incoriaidenible for a t^mnity of her sfr.c ami imptitatiEMii 
and t hat it mcorapasw* a suflldtiiif mug*- n-f uut’fukE product* that 
are nffwiry to make a modern civilised unit ry more nr 
industrially stetr^mlamefL Exrcpt in tho fcow 1 of ininerJtta mirii 
as iron -ore idtiiidnlnTn -ore. titanium mro niiea and a ft s a other 
mmcrJita, the resoiiroM m economic mine ml h mid tiiirtnli are, 
however* limited, CharKi ^ of discovery of new- mineral dfcp^its 

I j,<Wn iwa *tui v k r>>, iMrfiuv jhw 0 'mjta fOmfooi rftivs«ax 

T* 4 -h*»L liUlS: ^iriiintnn -flkniwnitt tapJlMnt* nf llnflac 1 ihjir. ^ In' Ve1 * 
Edlu, III ill-AL SdrtHiw iH I tf«]U i iox WHf I'nif. iri /hr„ ff.rf.f* Jaivi «fw* 

invii, JIHd^ 
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of nhv rO-nit iiml by ordinary initial mnthoiJfe iro 

not TTirniY. tiumgh tbs nnwgaopbyaittil itwlteMtiQf locating l i mtor - 
giDUnd Tniin-i- il rnwiimiii*.r.H by eMrit»>l, rmtumuje, ura vim,.-trie 
iM'i mitmid nonthocb Mem (bailor of bringing to litfil 

hitbrto umttartvered, bat In aabur deposit* of 

pottoIrmn, i rhrtl-incjv’iirv.-., luihiril gn-v Iiiiilcr^i-jnntl micr, mdtul- 
lio todes- etc. 

fleqldgical a4iJ Geographical distribution of India's minerals 
feffrinff cod wul fietrokmnt, mi the aozcmwl^ dfeptrted 

u( Milt nrnJ gy|iMiin due to liirfr under hied ngr, tV bulk of the 
valuable minernfe and ttifftafa wmi hi India an* product* o( picks 
ot Tiro-Pnljieirt«i.c i*e nfui are tip HiutArtiarphir nark sys¬ 

tems of oitlutr I he AmhatsMt ur prr <f ainbriili period. The primri* 
pal ore find infill I lie pmctOUJi wl mm\ pm taw •&««** 

mien and n hirgti number «f industrially vuliuibk flltffi*rab 
doriywt fn.ni i hi I >hiirw»r system* B* |«;r tort of tlw faml fa of 
tjrnrer Qmthnmn age. the remainder Iwfng Tertiary. T|m main 
pri.ruhnim horizons in India aw Tertiary. 

Nature Inis mufk a Ten mutual leiriturinl dfatrihnikin 
mineralw m the Indian rrgiun The vast rilluvi;tl plains tract of 
Northern India devoid nf mjftitf of oeouumle mineral*. Hit? 
\rehnonn termin of Bihar anil Qrt^n \hv Inrgusl 

tt-ntrarinn of om-dciperfib* mush n> inm* manganese* mipiMf alu¬ 
minium. chromium; valuable miluftefa) mineral* like iiuca, *illb 
ttinnite, phrwphafc* ; nwl tner dlW^fouithit of India ; mucrvc* uf 
«Qdi including coking runl* The irtm-ore rn^rrea tying in one or 
two districts of Bihar and in the adjoining temt^rie- nf Drfa*e art 1 
ejiloidmcd at over »■ riitnv*nnd milium tout*, -imputing in ridim- 
and extent those of any other known regiim. There me large 
reM'f^es of mangstnese-nTe^ „ ever "0 \kt mit nf (fie wmrlit * liv'd 
mini, Mucki ■ plittuip> and rdir-% in nipple-d by ihe ndea, mb^ 
of ttoditfma and Caya in Hihar. The ei'iminl niin^nillj rieli 
pniviiuv i& Mtidhyn l^nidtahi naming gond n^-rvt j s ot iron hej'.I 
manyann^^ cmiti JimevUm^ anti t>atnritc. hit* wnrfefthle 

r|i of inm* nmriganew j r magnositi;-.. mica, IJmvHiuntr and h-j- 

nite. Aly^on 1 *S<nto Ilm yielded all iHi- gnld *«f India, he^iffais |rro* 
duoin^ apprwi dde qunnlitiL^ of irun, pirerlrdn ^ i i> > and uliH'TiiP" 
Ores, tfvdfTJitmd ha#= ^ikk! remTvi-s of sct^im'J'gmdo omd, IhmMpI 
fmiiig n |h>rentiiiil ^iirn’ of ncven*l iildtnrtriiil uiim rid*. 1 rafale 

on (In Mbiithern tip <*( the (VpiiiKHii!n r py s^'m-h enorngni^ 

txmoenliiuioiiH nf licav\ inineml ^imlw of hs^h ntpitogitt ini (Mir 4- 
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.uicu, nili.iiLif<>d i'i iruijI jmp 34 imu in II Jinn of ilmtmiti 

foe* id w ijiiiitiiiriiii^ miKfejizitixsi'i-'oti. mtdlt% und gamot in workable 
quantitief- I'Vir provinces nf Bum'taiy (the notth-wcsd d&f riots | 
Mii| Intern Punjab h\ivi beeti U\t I<t*h productive find have 

nu&ftYjy ■»- y*' 1 figured in Iniliit- mineral Hcatlfltioa, K/iJpufAiut, 
Ibr a long limn .iWiit ironi IiuLia^ pmniiil rmtioml nUun^i Is 
i|T£Lilu 4 iUy Wyoming u productive ecntjnv holding promise far the 
totem* hi nimJnmtM metals [Cupper. |eml and rnies tptealile* 

beryllium iinil precious slumw [in pm murine*nd cniemld fo A^<un 
HUpplEos about 7U million gultoiiWif much needed petroleum, ht'iade* 
turn ing i i n port i m 1 11 serves c>f Terti*ry mu I West lie r tgid'« mi nvr i 1 
resound ure confined Eo cost (unmud production vu purity about 
ij millliuj lcjils r and in m-arc, (>f the vast extent of the- H Lnmhyari 
ri^ginn 1 lie only proved iiiinonilised region of nnprrtru™ i- 1 hi? 
territory of Kt^btuir south of the i Smut 111 main van Axis* with n* 
in hl! mo me blit unthraeiimh .iliimiTnum-ur^, sapphire? nfid ^mn- 
msiLor induct rml miiieml*. Thcnesl Kiiiier-iliJwd terrain i* Nepal 
from where immirenete of cohult. nirkol And copper ora tnv 
reported, but which W sciimily yet bwu geologically explored* 
But fur the {Mirtly-known cupper depodte of Sikkim and KlIHM 
Anil Mime fairly widespread iron ore-bodies in the^o craw. rite reM 
of the FTjimEnynn region m a veritable form -rt regartU 

economic; miu^mlu. 

Tim Province of -Sind, N.W Frontier and Webern Punjab 

{now ;uiih[ killing Western Priki^tnm> f and th^ nr* Province nr 
Moslem Bengal (forming Eastern Pakistan}, have lessa develops 
iin nr uf the mineraHy product* vo geological mik-^yiieuvi and have 
not hi i he 1 pwt supportf'd nnv oerwicbmblo mining mdmrtry I he 
Pmvirjce- of Simt X W. I’mntkr and the rockv pnrt- ni Wr nEent 
Punjnh hflv»" prvi^jiefit^ of pelmleimT msimrco.^on •* wiH'k.ihlc ^ 1 - L I'-■ 
vet umlvThis* Ivfttnw i^ shntni JiJnb Uy Bulilchi^htn, 
which Uu* in addition irniwrtniU fihrmnLum de|N#il^ nf a high 
grade? Ujgtrtlirr with modcirstf 1 sr-on"c- of luw*gnulr tigiut<- p rual 
jlmhI sulphur. Two or thm? e(l#ddf in Westefst Fmijnh pttiduec 
a vnriiililr ijnnniitv of {M'tmfi'um (hthtk' Itn Ut tU> milllim gsiHurtft). 
Qllmr iniiirraU of West P.ikiHum nn r tU*r rui-k-^tlt i lT^.u^u itm* 
n tin in lilv) finrn KJmwrn, tin? yet TmUpped rr^rvi-- >d nnllinn- ut 
tone of lirinr in iloliichiiitan, imd nitrr «ml [wi l^li -salt*, gJI^uitL 
Utiil Mfraft Etw of hi line "Euip 111 f 11 1 ■ li ,, i , tii+i , y Odftl uf hih'riw 

bu| nsjiide <k|ttJdii r Vi Enurgutiu prvKHi^cling fnr oil in SiHit ^ud in 
the X T .\V. Frimikifp nt prewnt in prngmeti, umy n-v ^l u^w udliolib 
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of l«*tlor productive ctjiftcity thou the existing 1‘ijnjfib oil-fletd# 
which ate swfdl and variftWo in tltcir output. Pakistan' metai 
rnaimrces<ionot extend beyond Bsdmjhifiifni * hndi-gnult 1 chr> unite, 
Ctiitra! antimony and iirwni*', anti the hitherto iniiiffcrtiili.v (>ni* 
KfKTi^l iron-tiit' oocuitiiig in parte <■( ITftrutr* and N U , Frontier 
Province. The count ry in richly supplied with vmJt. rwwtvej tif jm« 
U roestone and oilier ro w ru« turfeJsfcr OertietU i imntifaet, ure ( togct hr r 
with extensive deposit* of high-quality gypsum -mil ornament*! 

mtLrhl‘0. # 

The following u*htc given the quantity and valim of the annual 
production of 26 leading economic minerals mined in undivided 
Indin during the year 194®; 

HtDniu 

Antmwnj 

Alth -,r> 
fiarytf* 

Bun * ju- 
Bi-rv! 
riLTDinitc 

Clays jiiufriKtml) ** 

rw- 

Cvppct^tirc 
rorumlilm 

DilLDinfliJfl 

t*I«M ftftnd 

Gold* .. 

(Graphite ... 

Gypatim* .. 

Ilm-niir iiifr ni- 

iraa^n? 

Big-ifon ... 

B ted 

KyariiU’ Ok i 

lAsomtcm 

Mfl nfliTin— ^ kfp* 

JO*** 

Muiiftrit* 

FNBoftuDi 
xSaIi* _ .... 

i#\ Vmlm mi* 


(jruvrm" 

VAtOR 

(TmiH) 


SH 

80.030 

m 


29,001 

3,50,0811 

!t,»4S 

HS,ol« 

HO 

&] 

44,732 

UjSS.JW 

WO,«K> 

24,42.788 

39.700,348 

3.7.08,211.078 

802,718 

7I.Ti.2nti 

OS 


1.107-2 (Carats} 

1,77.472 

Sill A 

1,02.4181 

131,775-6 tOsm.) 

3,48,00,251 

1,0*7 

1,00.178 

70,417 

3,40,155 

105,029 

(7,42'Mt 

2,407,082 

05,07,8® 

1,443,370 

l).3*,MM40 

905.340 

20 , 37,01 j»o 

13.480 

3,78.130 

7,000,000 

1,41.051117 

44,flT7 

0.10,280 

900,000 i pro-'War) 

4.00,1X1.000 

210,047 (crl d'wiH.1 

3,10,24,201 

m 


70,702,014 (Oslkj 

1,23,53.981 

*#10,079 

> ,43, m 1SW 

IM.Tftl 

5,82,727 

{til Eatiiimtel vdJujf. 

1 ’mviakir m i rifflin'!. 

Eatpcrfi Sl4l"n^ 
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L WATER 

WeU*. Springs. Artesian WBili^fWtle* it* u.w? Air duniriiLic 
iiud agricultural purjmw*. water Iiuh imriv important tue* m 
manufacturing and engineering operations, and the geologist l« 
often culled iijhjii to face prohleiitn regarding itu aotircc&iind tuipply. 
Porpun water Retiring strata extol everywhere among t hr old &M\ 
inenlury fnrtnarimii?i an well mi among recent alluvial dfcjttkaittf, but 
a kuowlil^ nf I In gvolojgiCLH] utruerum in iwv^.iry in order to 
irtji these amoves with the maximum of nffimvru-H . A large part 
of the rain 1 hat full* in India in Kpcvdlly returned to thu w, only 
m very small percentage ^Lny allowed 10 ooak linderfifiath the 
ground. ThiB arises from the peculiar ruuuisooiiic conditions of 
flic climate which crowd into n Few month* nil the rainfall of the 
year, which rapidly enures down in flooded streama and rivers. 
The «print I pinion tag& whieh Ifl retained eouks down iu\d r hawing 
hi Ihe direction of the dij> of the more pervious simU. saturate? 
them up to a certain Jew! (frtnf of migration) and. after a variable 
miiiiuut of circulation underground, iasnes out again on 11 suitable 
out hi being found, whether in the form of springs, wolfo or 
seepage. In flu Liu the great alluviui plain* of the Indus mid 
t ijxnge^ are a great reservoir of so eh storerhiip water* and yield 
Urge ijtmn title* of awtet water by boring to suitable depths Iwtow 
the surface. Wdlii p the most coomion sotnw of water in India, 
ant merely holes in Lin? aurfeco below the line of saturation, reach¬ 
ing the (lion? jjormws of the rock-beds. In which water acciarnttlrtteti 
|iv simple drainage or by pcrooUtlnn Springs arc common in the 
niekv districts where fjervious and LmptfViftttB strata arc inter- 
betliird and inclined or folded, or where a set of rocks is traversed 
by joints, tlmjrft* or faults If a porous water-bearing stratum 
with a wide outcrop w oucluetd between jnipcjrviow' strata above 
and bduw H, mid Urnt Mb a < rough , conditions ariwfoT nnesmri 
uelU when a boring U inude reselling the water-bearing stratum. 
Such ideal eoiitUttnic* T however, are rarely realised actually* but 
there am mmu other way® by which W- perfect atterian action is 
possible. ] Thu ffvnisnthm of an underground watertight reser¬ 
voir. cither by the vmbcdi&llg of tongue of gravel anti fluid under 
impervious alluvial days, the abuttins; of Inclined porous strata 
agifciii_.it impervhum un fissured tuck-" by menus ol faults, nr ihv 
Interacting nf large fissure® in cmidlmn rocks, givia* nw to eon 
diuiiu* by which water is Judd tinden^rmind under n sufficient 
* VfT^f^bunt, Aftw- 0-&J- v*L &xxl\. |it- i. tunif 
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twbwtntia jirwwuro tn enable it t ■ flow nut when uu mtifkm! 
taring i< m ud- nwAiiui ill- «-*<-►. \tuwm * <•!»•• «•• nut of 
common niwnrrenw in Indi« fi.r ..liimnc rm|id-iu lor in¬ 

formation .,f nrUwian arm- ul nuy rmigiutmli ofi«n ■«<* wttt 
Tho tw*f known example* mv (June of QiuH.tu dong “itTi tin.- 

Knn« already mfeimil to f|>- «<>) tll,! «»** ff*™ 1 “M* 
lor Daman! mi Baluchistan Arh*i«i wall- nr- powiLlo in II* 
alluvial diri-Hri* ufXorth India ami it* Un juratby lhe embedding 
of pockets of loose gravel or euafw) nillliiH 1 1* 1 ’ ordinary alltit ium. 
Tfw Intrmlm’tion of artesian wt-lU into t-Iws arid i*arU of this. 
ooiniLry suffering from irn^iitat or wutity ri-tusJ :iM, ivniiJd bo of 
gmiL utility for t he purpose "f Irrijintinfi. bui h hnowWK* of Mi) 
gaologitA) sknintfli'O of i hr -1r -1 ri l-i in i^n-hliiil brTore any eon lly 
Mpedment can li^ undertifc^H in Imrihg** 

Tuto-vivlfa 2 (ki to 4fMt fr*t *!*?*■j* mv ft Himplnr mwm* h\ whb& 
flttpplns of iiinforirrmou! anli-r <il good i|mUity cmi hr tapped In 
tlic alluvial district* lo®dMWtlillt iiuluairiul mul, to pi MitoMrinilto 
extent (ivi-n for agriPuUunU ttsr, I piIm*»w**II!* of onff to tnu iuub 
diameter yield imm StK> tn MHi pdlun- of watw par hour in nutny 
pitj-ts uf t hp plains ofSorth India, while f-hoot *>f (> i** 54 iut-Ii dia¬ 
meter yield a? mm‘h a* tHUKm gallon* per hour. Well,- of this 
calibre M®, however, few nnd their djwihttrge dopiml* more on 
tint u-nl^i*-iwnijmeapajitr of tht: mleiUiiliini |.iip]red rimu on the 
diameter of the tribe. Tub*' well wuU-r, bring derived In HU depth, 
is hiictcrii'logically jmn-r nnd fiwr from urgaitir impuriii** 'him 
ordinary well nr siirffun waters. though then- may 1*0 a grantor 
proportion of ahemi'-olly dii^dvid "nlt> in it. 

Ui the ijrii-r parte uflho country it b tin- utinoirt imp-irt m- r that 
ifoaulMOil wat*r4«ral should hr i-ojiwtvotI hjr-utth iliwit*^ u* inverted 
writs, units nr iKwrioin, nmi'lriirtitio of utiuill dam* imr "■* ck-iu itii 
ravhvn. so se in impound tin* run «(T from the rainfall for the U-urlU at 
wrtls situated ilowMlrnn. Stirti dam*. itituJt- of i**rlh, ItividOry -t 
Iphvw roek.lill, in tlm f.» U..LL- of mbuntainmui omintry ura of greater 
nfirriee in uiuIiTgrt«unl water HiBMfnttioii than tartfo [irnjiictl for 
iLnuminir Hvrre. Ju Htu-li ilbTrfn* it is nfirn found thoi mnstriu-turti 
of MW. or of old, tank* or renerntim improvn* thr vwW of 

Hinmundlmr w»IJe Th. -s- devin- rrf.leniali tlie iinil-rgmmid 'ruler 
stomp! lit iliv-ninc into tin- -oil * jwrl '-fth- -urtV- r.iiu£ill which 
woxilil AlhiTwiw run away iuU> ilu» /ivf.-r> Surfiici- nmnfnu 

water is tiarnwwrf by enginews for irti|ratiiin iml power tteveln).munt. 

i flVlAiirHK ai ■■ r^fl■*—wfe ji n Imiiiljil in flujurm upw huhuthii*. Vr, ^“ , * r ' 

*MU hIji ■ in lh# unrl- =n i^nthrlntrrj &™lli 

FvIIih. iiii.f ailHir rftdt-«|»o«rit1 
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India lm- Itijuli' STH-..1 .nlvmiWJi *iuif l*W in itfU*tjonMU) hydnUilios. 

ninl tiirtsk -irik;j a to (to Hid few v- 11 * to favw«(^ttog * 

until bur «f ■ ■utoiroiin;' -diemes for nuc training, nMr ...in-rrv.dLtiti, 
IIikkI ptvtwm; trrigtoiuw refitTvuin* nnd idcKU-it? powtt xn-tnaratkm. 
Xndin tiwiity biw tin 7ri million m'fr->>4 dry bind (Wtiif'MH miJIiun utM 

Burroiiliy iindnr itultivaiwu) a.tally '‘idi.rud by «uud krfeulimi. un 

nrm*(ii- L’rfdtcif i lirtrj tin wiittWrutl tut id <>i tan ijtlnrr Iran flag wuMtnrn 
„f il„ wur ji) irrigation crLLuiJrt III Iikitlt !mv« a carrying capacity "f 
400(000 cubit? foi't [Mif SH?t;u|Itl mill tbl) totill IllWlj® MlUlHBptiutl f d 

wnttr fr.tr rtffriniltitft) i* roughly til'kriW mibit feet parr ■*<" "I'd Ibi* 
HiDiiiiitt jb, hovu'vor, bandy 4 par wittt of lbs av ailab le woall.li 

m i h.- Ti»rr*> of India, which in ■ nutting u» Into *■**» often 

nft*-r ■toinif rsteuain ri urrtiin; ilntmiifu In ff<K y k- anrl -ml cnvuiui- 
hidijii] fatgfiwon am Hi-vcrdLi'JtBBi bringing it* iiranr to th»1 Jto wW 
ita divitmi .if by iti" iinmi Sinhitow kiiiir rf«H, *hn tmmrnnhiltvl hid 
mutineer* in -*■*■ ilirii mil a -midf nn‘«fttr*‘ of uwrtN■ in ruin w-i* l“irt 
ti V M —r t Bp.n»i>y m«Wy into tit.- «•» A tiumkf Lydia-to'-i-tric, 
irrigation mu! nwroir |irojri'i* i.i* *.n foot for the haruonuig of iln; 

iMin-W. Son, .. . uni il» Kt*i rive Oitmr ..«" »t" 

I 111. Kfr*t i;..wo|ipi Falls {SfiO ft I on *to> Sluwavati river to the 

\V<-d..ni tlh.il s. thu Hi in km ilnin mi the SuH-j, thr Himknd ... K>r 

Muliaondi. tJiM ltiHii|'iHdBBjiur dmm nn thr ifivluvari. and Uk- ilaiua.mi 
KtitTvoini on 11>■ 1 TnngnhltmlM, itir ivi« mid tile IlilininJ 

Mineral springs -Thermal* and mineral springs toWrur to many 
partis Dftmiin, especially in mriimtatooiia <11* tried* likolbo I'unjsb. 
Bj f.nr , Ainam. Suit-lintinr, in ilw firmtddlk of the Bunitoyns in 
Kashmir. etc. Among thi-m hit imlphurou* (whitoi aft* the most 
wmiiiai), nalirtt, ebitJyWio, i.msitn^inii mid otiu* *grin R s««irrt- 

ing in the princiiml inimr d ■ i r 11 lfl WOtoto. 

:tn« such thermal and in mend *Jirilur> lnu<oi to Turlia.* 'nifrma! 
HiiJ(diirrotn< spring nn* vi-rv HtimitruUh mu the nitteropf .if kownt? 
KuinmnlitiO mob in HamVlpiuili <fintrftt and to Sind. So inn springs 
in l.be latter uri-.i hnvn a l.-ttij)Krat«tt' over I-d P* <-linlyhejit# 
spring* am common in tin* flmt-hflto «f the Tfimulaya*. Sowral 
springs of intlio-active water nn* known, r >j- »t luwu m thi? 
pencil MahnH. Enmitoy. wtieti’ imuomilh lugli radio*uniicity hto 
(ietwtwl Id' Pa thr -m Steiehtm and ftlcqi. Fairh lurtn* miwm- 
i Ttwc «m wvmil d.rrtittl nirtw w d«? K««kjmr Wilt Of* to thr^, dw 

.vti'iluwl. l»iir Sltmuli.vJ-, in mill Vm-wii, « i.aftljit'll. | 7 l ." , r ''’j ‘ . ' „j 

iL m t _ j4jUYlk,|N' i I. L111 i to l k i—! 1 1 111 l : ImiT .1-1 *" f 

»?."5ashs: ]ri“ : ri: : Iz 

nt^iii I««' F. ftojifir (imi). I li....... .It--...ho*'. ■'» 1 K*"Sr“h 

j,r,|ri iTelift flartiiroll hiw olhi-.r *cII J(ho*.u ™inpk» ClkMh 

1 hm.nl 'll iuilo, ^flUK' I "US'***’ ivtv. 
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rmami John viw observed in tin' waters of the springs at Yojmtni 
and CiMi near Bombay. 1 Many moJiciual virtues arc waribcd 
to such spring* in Europe, fn India no such powers aw recognised 
in them, and where. in a fow eases, they are re(Y>gnii*d, no econo¬ 
mic benefit is derived from thorn, They are invested with re* 
ligious sanctity rather than exploited. For commercial gain. 

2. CLAYS 

China clay—Clay, that, kind of earth which, when iinibUiuerl, 
possesses a high ilegifr of tcnimitv and pi as licit v, is o F (treat 
industrial use in the miking of various hinds of earthenware, 
tiles. pipes, bricks, etc., and when >'f ^uffiriiDt purity and fine 
grain it is of use in the manufacture of glazed pot tery and high- 
grade porcelain, for .ill of which an immense demand i-sisi- in t In- 
modem world. 1 ISire china clay, or kaolin, occur* m depe;tt.-= of 
workable nixo among the Archaean nf *rmit pa fin of Jiihar and 
Singhbhuiti, .Mysore, 'Fravancore. Delhi, and in Jabalpttf. ( hirw 
clay, winch has resulted fmrn the decumjmsition of the felspar of 
the gneisses, occurs m useful aggregntofl in some district* of (he 
Madras Deccan, 

Recent investigations have revealed large workable (Jr[Knits of 
kaolin of varying degrees of parity, fit For ceramic iwwt, in Mr* 
Bengal. Bihar. Orissa, Kathiawar and Rajptttium. 

China clny which is somewhat impure and coiottwl buff ,J f 
brow'll is known as irmirntUi , which finds employment in tin* 
making of originat'd kige-size pottery, statuettes, etc., and to 
some extent for architectural purposes, Tcrra-oattn Huy depwifa 
are of mure common ocewTenw: in India than purr- k.vtiii. I he 
deposits of the Rajmahal hills at t'olgong iPnttnrghnftuj are of 
much interest. imrh sw regardu the rpumtity available and Lhe 
purity of the material, for the manufacture of very superior grade* 
nf [Hirettlam.* Similar deposits, though on a more restricted scale 
are found in BJwguJpur. Gaya, amt in many part* of Bombay. 
Madras. Mysore. ’tVavnncore and Gris 1 "*, /toll clny a. fine-grained, 
highly plastic days ofgood hintling power, are fmrfy widely dis¬ 
tributed in the above-mentioned pamof India. An mm I production 
of china olny. mostly for ceramic tines, is roughly to,non tons,* 

» ltut inn Mfiirfiil flu rite* vcsl«, O^Minsi: shut.. I 1 M I mul MU* 

1 f 1 Si m u v fAAif fA»?urrtHxr * 9 Pt&prtiie* -wnf ti Kni*, IfilW. 

r \| SlNll't. k*‘- O.SJ. l-r.| in lid I pt . L 
* M. L Miffing CluVf In Jntlm* JVaiw. /rtJ. * £Gk* VoL iv*. IB*-'' 
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firt-day—Fire-day u l-hy fr-JUJ which mat of the mm Mid 
salt* of twtftwiuin and -milium on' peroovcd, and which, therefore, 
can *tajjrf lire h**t of fttJTWW^ without fusing. Fin-ulay from 
which lint-ltiiok* of high refractory quality he iminnfartun'd 
occur* in l«d* cm I hi- weMrrn ride of 'be Kajniahal hills, .f ft mi I pur. 
near Dandot in I ho Sull fUng- *nd in the vicinity of Knlar 
Mvson- Slate. tt also occurs ODdoruIiiys in In-da np tn scv.-mI 
fw-i in rhicktu-N ill Ihi {Ion Ju ana oosl-mt^nrea iiild 

with other <-..*l-b«irf*ig *i«s r and m now T*U«i for varum* 
mnrui factum in eoinudwuhle n mount* near Baiwfcar. Tk*n1ra 

t hr-.se Walitire*. fife-day of texture and refract orim -s WuUbte Tor 
thi- inarm fuel lire of furnace-bricks if obtained fnsm a number " 
fowUtiM in Miuthym lhruleslt Bengfct, etc., where its dt-po«U .ire 
df fiiirly widfl diatrtbutwitj, 

FuU«t > earth—Fuller « mrth is a kind of whit* groy i>r yvlhw 
coloured ckv, It Jms a high absorbent jmwer for many sub 
Btaiiccs. lor which reason it is used for washing ond cleaning pm 
puses. It i- found, anumg ninny other placer,, m the Uiwi-r 
Vim lb van rocks or Jabalpur district iKntni) It H also "blamed 
from noma dfcfcrtflU of Mysore, from the Klinirpiir Mute m , mt 
aqd from the Eocene rocks of -In iso hirer and Bikaner in 1< *» U ; 
Una. wheis' it is t|uarri.sl and *M under the npe oN *.. 
H , llt trr, X secen-fbot bwl uf fuller's earth occurs in the • «fbhnli* 
swirs of Bndil. Rajuori (Jrann Vmvinre*. --retaining “ 

Htc«k or the mififtroj- Tire vonetv known a? Irentonite, ft }'Fasl» 
day with large absorbent power, of «*e fo "*»? ■J"’ 

occiiru in n*sotdutwu «itfi a SiwaliU rungfonreoito near Bhtmber. 
Jammu Provb.ee. The bed a two font thick mid extends for 
many miles Bentonitic days have recently been discovered m 

^Ordimirv alluvial clay, mixed with sand and i-ontJurung a 
certain proportion of in*, ie ™d fa hnvk-mnkmg nod 
earthen iKitU-n Fine-gramcd day, tmxod with Oire wind.» 
treed in t ifo- making, MangafoW. tog.rlar w it h, ftomc fttirmutorng 
nlac^. is lire home of a foundling «* indiimry, *!'<** tik> *ml 
nbic for navitui roofing and ceiling**™ mimnfin.'m«a. 

Tire told priHbitliou ofdgys in India for 
worth about as lues per «mum on an nmuge; ^ “ 

with the value of days raised m the United - ‘nto* 

1 ,Y n. H-Uft. ii^u s-rtiw Om r ™-* H>n - B * t /h * 4 
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America fur various rmmiifin hm> whkh ntmmiiilH m idH.mf Ks. 
i lu criifr> js*r yi .it, 

SANDS 

Glas^&aiid Pur* quamaanil, fm? from ell iron Impurities find 
lu>m^ng a uuifbmi grain end texture, in of economic vulne m (ZuS 
in:mufiiK uu of gW. Stick sands am not common in ludm, hut 
in n ie lli years good sands have Imh h obtained from iho crushing 
i*f pare quartz^ Vimlbynn miudsKiries at several localities in 
Uttfti 1 from nmiUtttLiM [Dninijiln I tcimlstoni- uf the Kaj- 

mtibul lulls, and from (.'nrtecedutt sund«innes and Aruhanon anti 
uihvr pure quArizitLS of sumoparts of Madm*ami Bombay. Sami 
deposit* uf tbe ttupiifliti? parity suitable tbr fflua mn*iuf<w*ims are 
found in HoAhiaqiiir district Punjab, at S&w&i Jludhupnr m 
Jaipur Elate* Mndii in Bikaner, and near Zawnr in tfdaijgttr. 
OiMid--quality Hand* rfuihibk Lor making algo occur rn the 

ba r mail ri var anti ai Jabalpur, A pure < piarta jtrit at Kurodhia 
in the Butidi Stair. I Turk deposits uf u pare, whitr. soft, granular 
ijMamin- iiS Fuuiidli State. and ul crumbling powdery silica 

rtiwultiJlg from meta^oiDal.iis repayment of limestone near fbtrhi 
HuhihclLah. tire other ai-niluble supplies. Ordinary white 

mnd t* u^ed in India for the marm file turn of inferior varieties of 
i^|j 44 >h, wink* articles of botWT qualify are manufacture!! out uf 
crushed quartz at Toiegaon (Tooiniij. Jabalpur* and rd Ambulw, 
Alkhabad and Mudra* A rtratil survey 1 of India's to&ourur* in 
ulllea Hands and rocks suitable for tlu* glims industry has a nscJfll 
summary regarding the distribution luimlii ies. extern and puril* 
pf the important glass-sund deposits oT Urn country. Accordiirg 
to tills, iI j«■“ two uiosf valuably purees of glit££ £omk are : {II 
Tbirgnrll; *it uu. Led noijtli uJ In hub. id. ne, rring an >u'j « |h t I Gil si| 

miles, where lie- hlIu 4 ts f+G r..i S>7 \wt nni pure si* and only 
iu o-uil permit I "-■*< |\ (2i I hr gOfUfct of Truvjmrtirv, where Inryi* 

spreads of wIllU quart?, bi-iicli uaiidrovei-huz over a hundred sq 
ntOc-3 of the ivuL-^t «md cottlmtung only j few ilmcmite prftini? ns 1 
harmful impurity. urn readily aciisHjtibltMo thephiNH ttuuiufamuw 

t'union m river-*aiid* mv u-ed in morUu-making. Recent cab 
cartOtls Hrmtls, eocmiKtlng HIM ly of nlidlrH er furvuniniftii^, have 
CDTisolldAteti inti- it kind ^f onarsyUvbwJiItd freest :i nL aoni'' 
(dace-H un, the <-f tin Kitlkiawrir fn-rtiJiHul.i^-mdiulire. 1^' 

lliuenite Hnnd t Magnetite sanrl, -oid. Oeiu saui 3. etc.)* 

1 AIiha Itsm wi4 tillwiif Jwirfii. iftJ. vlJ + l T JUiH. 

» Iin4 < ru ^r-^. A n OiiDPvl r-ttlm*nBl El>'- L 
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3. LIME, CHS MX NTS. ETC. 

Mortar and Cement Limp for amrur-h.aking in uburiind by 
burning llmeetone, for which mod. kind* of iirm-do.uv 
m the vantms geological aytom* of India an- *»«*Uh>. \m 
ure eaiwdaitv good for th* pwrj*«* Ltiiio, wlion mart witlt 
water and mnd, is called tmwur, which. when H «* * a|cf 

uial absorbs carbonic add *a» . ..air. " " r I'ur-loi].- K-iiee 

it* use iut a binding nr oomefitlng material- In thcpIairac fuHWj 
l hr only available aourw of BhW U “ Kaidrar - which «lgnp 
plmtifutlv as irregular eotteretunu dewemhMtod m t fo- ,|n - v * h " 

, !uv admistnrt'm Ranker i- often in wAattnl P«,portion - l' r " 
d«W im burning a hydra,.IU Uittk T W fttf *> r PHlr ruf "' ** 
ahclL. recent cum I tfo.mlom*, etc, «* abm dravn for the 

kiln, whore a suitable sour* flf these exist*- W h™ ' 

mining urn***™ m*twr in n wm hu f n,t - ™ 

remitting product forbid. in which ^ altogether .hfTer^t ehmu - 
ml eetfon Uke* pUot- when mixed will, water. I hr- horning d 

limestone HttMU and Ha? (^O^SlO^O) Jjf 

.„ the formation of a now d.. compound *lwiv oiulriu- 

ininatc nf lime -which is again acted upon chemically when **»« 
is addl'd, hardening it into a dona* compact «mw- hr »««* 
making, either *m«t* suitable clayey luneatoue ,* "«d y w 
iiwrafantk, lime*tone and day. are urnt,cully ”™*****£ 
projwr pro port io» ‘Hu- former i* known as fe»» I ™ Vrtn 
latter as Portland I Writ. The occurrence of anormoue 

oT Nununulii n- Vinrlhy.ami -'dor foMout >n 

Medina I'nulmh, Baiptda.W. Punjab. Mmlhy,, Bhmur \*»m 

and other parts, in •*#>«* *** »J ***[ J " 

(inr»bl(3Con(Utioniifot i ’ |, mi'fit juunufoclure. N at oral oenxnt^ tones 

of si.it.iblc OOmpcdUrn «&* in some parts '*f Imte, K^ikar 

dso mnv be regarded a* ..d Item. Over - ™Ufon t<Ma «f 

limestone b in India anally, value 14* £H™JJJJJ 

A higii-gnwfo. rapid-h artlciiing anaent rich in 
omteut (<Waf /om/tO of utility in upeoa! J*"”? to 

nwnufaetnrerL fiun aim.us fotor.t*. atnd yth appropriate 

quantities of halftone, l J ig-irou ifl n by-product, 

4. BUILDING-STONES 

K-xks are ipuirritti largely lor utse M building-iH' nr*, 
na-kn, however, are suitable for this fWi *™,«>» ™* tn[ 

i si"*** /<* ft«iMinsufiJ ;>wOTua« h, <> I - «*""* 181 
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pensnlile qualities. Brg reqmrril in a building ^toflr whiHi art 1 SAlb 
tf©ii by M ft %r 4vf I ht- from among g^lwgfcft) foraift- 

tsoifcr: of a rnuiitry. Hooka that ut/UNl tbr rjivn^-i of timr 
mad weather, those t ha E pustfs** tbe* re^iui^Jt^ ^frt i ngtli h nn nt trac¬ 
tive ixjlonf and appearance, and that oan receive dressing— 
vrliirdiftr ordinary or onmniom.nl without uittf-h etwl nr labour* 
are ific- ninai valuable, Sii«or>ptibility n« weather i” tui important 
factor. and very twrtly experiment* have been triads to jiui^r of 
thv merit* of a particular stone b thin r report. 

With this in view t hr- architects of KflW I^elhi,. who required u 
most extensive range nf ruutem!* for a varirty of purpOC*^ 
building us well as urnnmvimd. invited the opinion erf the f-ltm- 
logica] Survey of India in regard Ui the suitability of the varum* 
building and omrunenta! stone* quarried in t be- rmighbouriny 
mt+i* Of Rftjputana and Madhya Bharat A special officer ul thr 
Survey was deputed to advise on the matter after an exam i f m l bn 
of i\w various quarries that nrr Iscriii^ worked b these province 

In northern India, the ready ueeesdbilily of brick-making 
materials in unlimited quantities has mnrkrecf the usr of nlaur 
in private n* well ua public buildings Kuhordinaie, Excellent 
matenal, however p exists,, and in qoantitira sufficient for any 
demand, id a mnntor of the rork nysUmis of the conn try. who^ 
rc&ourcOH in rucks like granite, marbles, limestones mid sands tones 
j ire acatrdy utilised to their full extent, An euanir ration of even 
the chief and rhe mote priced varieties nf thus** would form a 
catalogue too long for our purpose* 

Granites—t; ran it n, or whin \m<ssw by that name, rwhjwjy foliated 
guftias. forms? very deAirahfo lib kl tog-stones, very durable and of 
an oh in mental nature. T|ie»r? rocks, by reason nf their mASsavr 
nature and homogeneous gram. arc ciimic tilly adapted for mutin- 
inc:i l t ski And architectural work as welf as for missive nifteonrio- 
Their w ide range in ftpptifttAiioe and colour —white, pink, rvd, gny. 
btftok, etc.—render? the stones highly uma mental and effective for 
a variety of decorative uses. The chamooldte^ of Madras* the 
Arcot gneiss, Bangalore gneiss* liie porphyries of Seringa [is tarn, 
and many other varieties of granite umafcicd from the various 
dietrictn <if I he Penb*i da tire very atI racii ve exuniplos. It* d urn - 
btfity is such that the mimermu ancient temples and mommnnitF 
of Seutli India Imjlt of granite htaiul In 4 lay ultacrt after 

eeutnrifta of w ear, nntl to mJ] Appearanor 1 an? yet good for centore^ 
to tump. Firum their wide [ifevaJenie, forming nearly three- 
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fniirtkeof thp of l In I'linlitHubt. tlto Aj< hueusi guei«H>* fnrm 

nn mextmi inti hie miimte oF good fnn?.riril For liuifrUfng mid onm* 
menial uses. 1 

Limsstanu—Liinr^toti^ ■h’imit *n mmiiy formed ir-n*,, mine nf 
wliinti riTT" entirely ootnp»wi td them jjtl r*F t-brin, however, 
i l n- fi| fsir hidkJino p^rppMtfp though numy oF flu-in tm i burnt fur 
firnr tn lim fudiUpali, JiijKHhr, Kjimitfulitr »mJ Arjivnfb group* 
fJraefttnhe* uttHJJi ouLsirlexithie development, hi mu- uf them tier of 
groat beauty and htnuigih. They Imve been largely dmwu upon 
tn t lir coiy*tnwttfnri oF many of the noted nimimiieiir* of the paat 
in »U part* ui India Ymdhviri liito-HUme* arc extensively <|iiAr- 
litNlp HH Hilt July n'ferred M k in Hridbyjn Bhitml, 1 U}JiuUhih and 
nbewhem. and form n vhIulhI amm for time juuI miicmL* am wdl 
H 1 * for hiiiliilng-stoui-. 'liit- idmiJwrtiiii- an barren of ntlepiiwuti* 
mrkn bill 1 hr ninnll Hfirourh* of S fir R&gb and TrirhiiiojHjLv 
Crotawmii’i include uodkatt lituu*Luiif*n t Bo mofimw ivwn of on 

ortmiuimtjd de^eriptum. Tbo Xiiminnht n |ime-,N nu - of ike extra- 
Ihimiumkir db’l.ririv his, Sind, Hazara, t In- ^filt-Uunge, Punjab 
Jiiid Aswirii. iirr mi morinim* rejmdtnry of pure JEilif^ioqe, and 
when ftcoesydlilr are in vety large ijunumd fur burning* building, 
m well ii* fond making 

Miirbles -Hie marble cfcjKttHft uf India art* fairly widfisipmui 
i ri kI irf hiqge extern. Tlir prindpnl m+UI-ch of the uwbira of India 
in the Cry*! alliim Formal ion of Unjfjuijuia— Urn Aruvalll series 

Misrblt! cjtiiijnrit** itrt* worked M Meiknuia (Jodhpur) ^ Kli^rwa 
(Ajmer), MucmdU and Bhuiiiitiin* (Jaipur), JXidikar (AlivarJ, imd 
min if iithfir pbuv'H, fro in whieh niarbk* of iiiniiy \atibSm uf mlour 
fiuij grain, indiiEJin^ iwjmUfnl t’hnale w hite variety of ubiah 
the faj Mahal h built, are obUlucd. It was- the MoanlbHlty of 
i his ftdee tf material of unflurpi^d l^wty wltioli, no rjppuht., 
gwre mwill .1 Ntimulua Up tJir ^logiil tn*U' for in thi- 

acvcnt^ntli ttHilury. 

A siieehafciiHaJ dulmuitta marhln -teems in a Large ms temp near 

i3jibjdpiu , v where it i* 11;i vumacl hy the Nu-bodn gbfge Thf duunLis 
quurrir^ of JUekmnji niijijih' w hite, gftiy nnd pink mn rblrfr; n luind- 

1 In t uftiu- tbm witli lln- i-flfcw.- Abjowrlrs Hm-k* »u tkrCUlm^p n ■rarie# 

tI f [m| ■ nirp flulnifi gfiuiltfrii vr^ihi irii-’jiTiubr^a. Thr*^ ^Ftu^ ^uvr^S ihnt 
h-iijii rtu111li 1 1llIIi>pi [jiUirrldf nr# 1*1 b^ttnr ■ liihii Afotffdiwilli Coriiui-li l | ' 

N^Onfiilli HimJN wft[wl i*f ^aattg iha h3 vp rtKiijfLli iv iilirnnwnb 

wu r^f, ami fmtfn vaM* 3 |w Vrr.n » tbi- vnn-Mi» fipfH 

rtMMKUtftt iLtliiHfiJM'i lkwnr*l#l» l-> Ui-" .if Ipltali jphtnuii -fur 

&r wliJefi ifflpoflvdgrAidiiiikttkt 1 1 =-j«i Uh* ’.mublf. ilinlkailmitti**, 

[tembit'j t*trrf Ttu^i i'aj#r*, 
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snmr |imU marble w»m«* from Narbada in the Kishniigarh State, 
doasnlrni'r in fti»jpHt*nU supplifl® 1 yctltn*' nlu’lly marble, whih- a 
litvr'lv pern aiJit inottW miwblp of unsurpassable beauty is ob- 
tainm) fr*>ru Miitipunt. front an exposui® of Lhe Amvaiii rocks in 
the Ban nil* Stan* A mottled mw or prnk marble W found in the 
«itne locality ami also in one «ir lv*> |>1 m« in the Amvalli tcnw 
0 f t*.,f juiTiniit nnd of the Xanungpur district of Madhya I'rodwh. 
The Kharwa quamei of Ajnutr produce fciwn mid ycllovr-colnurwl 
rnarbla*. IMiiuk nr -lnrk «ih>ined marblea oome from Jlekrana 
and fmm the Kiihetlgnrh State, though their occurrence in on n 
rnnm limited scab- than the lighter vanH u*. A dense black 
marble, .-a | mbit? of taking jit) ekrjuWki pilisb, largely employed 
in the ancient building* of Ikslhi, Agra and Ktolmiir, with highly 
ornament ul effect, U fwniabctl by aomo qt»rri(s in the Jaipur 
Hhate, i^cRit*frgi^lne*f) rci&rblfca js.™ ti\mv amiable for archiiceuinil 

anil month Jimtal it i* thu WNiiwms* of thv ^min which Hu' 
vnuw nf |Her gmit «hnbil1ijr of iiwtrtTw ag^rwt meteoric wreath tir¬ 
ing, Tin- mit<’grained, purist white nuu-hks are twurvod for 
statuary tj*-\ for which m »tlw ^ uriuti** can be of *?r\Ioe. 

If r» n rimct regretiiditit fact, huwnirer. tiutL the fibove-nnifrd 
lirprthiti? ot Indian marble* do not. End any market, to encourage 
their pystei untie quarrying.. The-rti [a no eonaidurable thim&nd for 
uidi^-nmi*- marbles in India P riurdo facilities exist for their ex(H3rt 
tn foreign wUhtrit 1 ^ The deposit*, thjppnfiiro r luivi to wfiil rhe 
demand of a tnmn thriving Jisut more awthtfiL' popidntkm in 
future. 

A fine colWtimi of Imlicm nwrbli^, rppnwnting tho principal 
^nri^tieiv i> to be w^n in I he Indian M line urn P t Vleulta. 

Serpentine—form* large (iiitofQJ^ in the Arnkan 
range nf Burma and jiIwj in Bahit-libtaa. H UflUim J *n 
iion product nf t he baate and ultm-basie intrunicm^ of L'roMooaaft 
mid Mincrna ages, Kmm tin anflucsa ami liability to weather *m 
px{h mmr it i* nf H4 liar for ontdcMir ^lrchitwtnnil | j urp«^, but 
BBrfH’ntrTn'r* r.f nirmctivo etilutir are employed in int^nitd dreore- 
lions of buildings and the manufacture of uw*«vi a i«tatu<Lr)\ 

Scr[H'nf.inmiJi marble (IV r4t rifOryH^J in run.* in Inrlisi- 

SiindsLoucs Vindhyan sftndfltones—Tb j Viiiflliyiin and, to n 

ffBSPr i fc \Ei b Tit a thfl {frmdwfln* furnifttintre afford ^ihEhloii 1 ^ Jidiinr 

ably B-ini rd fur building works, 'tlaf pre t-minont auioiig 

therm nrr |hn white, ™m t bnlf and pint Upper Vindhyaii *aud 
BtonOi$ r which have been pnt to an hIiik« 1 indosiwivuhlc tiom 
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.,f From ilio milt' (ttimu kuivit* him) kwh| tor* "1 

liltlin' imitj t>i ifu< fttJlwiiy U>ii<gp»ffli bu«rfJ> ruiil flit' exquisitely 
turnfil ifiuimlitiis "f liw present-day suwosHirr, these ^niktoiin 
hnvu r-u|it>ljiM 1 for ui4i)’s aorvitw tin infinity of lisp' It- is ibv 
nuMt widely quumwl stone in India, mid being both » fretwtotu* 
as well os' a flngatmu- it van yield, iHwnnlniK m the jmrtnni 
^k-eled, tn.it It qigarttfc blocks for pUI&rw from om part ftiul Hun, 
hIhIpi like nla.li* for pAVing unit n. Kiting front another part- The 
bu perb tsltill io-h, niixtern mid muibcvtU, of Ivlhi Hii][mi[nifl nnd 
Aj put un-1, mil of nil ami white Yindiiymi wndsfnrB quarried from 
jt number nf sitea in l lift vicinity 

lh, V Hji ll_ 1 in writing fttxitti VindhyiuvsarifJbtqm^ : M The 
difficulty iji writing of the uses to which these mok* havr k-Tia put 
is nnt iii finding example*. hut m aiming from the nmneroiiN 
jinr-toni and niotlnrii building* '^hich crowd llw rjtj*> of the I mU*d 
Provinces. And the t 3 *ngea valley generally, and in whkh the 
gUiur-outU?r*8 art is seen in the highest [^ri'eetinu/ 1 Same nf the 
Vlndhymi sAiKtorcuira nro so hnuiugeiii'oua and soft tlmt, t|»y are 
capable nf inmvinjE * most elaborate earring and Aflgtee work* 
Ceuttn i^s of oxpofluw to the weather have touted itidf durability. 

Newer sandstones Another formal jen -u i ■ m 

lmiIdrng-0 tones of good qiinlitj is the rpper (huidwnnii. whirfi 
hiUTi contributed a grmt store of building'fltoiie to abd 

Chanda. The fninons temples nf Puri and the other richly orna¬ 
mented buildings of these dktriota are nou*lnitrted nf Upper 
(i nnd.w uriJi aaa idstones. 

The Mwtifeuir: (Umn) sandstone nf DlirafigiuihfH and Um Crrl- 
jiitfwtm* djiiuin! one underlying the Butlll lietb* id CsUjftriU iSoiigir 
.iaiuktones] funtWh Gujarat with a very hitidsoiiir ouj durable 
mtm for its important puttie and private budding* 

Among i he Tertiary sandstone, n few f*Muu**3 the quallth* ro- 
qujHJto Iii □ buUding-J5toiu\ *’,# The Mum* nrnl Kanilial ■ Inrkij 
Aantbtoiics; bui the younger Siwalik *aml}iP*EUN* are Un* unobti- 
Hnlidated mid inroWnmH to u* tit for nuiploymrtit in building 
work. 

Quartzites -CjiiEUtxitea arc ton- bund In work mid hove « rhieturo 
nod gmiu Uiiatdtable for dvcesuig int" 

Laterite—Ljiteritcs nf Sooth Indio pul to n in Uiishilng- 

wodts, from the futility with which they are out .. hrfcka w 

when freshly quarried and thiflf proper^ nf hsnJenitig 

i JfHMfiL V /lufMi, Vllt liii-. 
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wit.h fsjM.LHirrr io nir, 1 m with ffin W>utt tu Co* 

ninvm nink^ FateHt** i wjiMy uwd funk-rial fur rofulmirlnL "ITiiN 
HUirn- i- Ti*>t i-njiahlp uf reviving fnmny jirduteiituml or 

ornamental use* 

Sktcs ^latt h for paving and routing an- no I of tfonmiffli *' ur- 
ttfnrr in Indio p raoopt in mints iinitiuMininii* nmw t ? ^ at Kangra 
itiu! | v ir 1'aivjal in the tfimahiyius mu! Rcfruri in ih* Anivallk 
Whim the- j# iwdy d^%f3 iu# ttgvftui 1 thdiwW^ 

thorn to be split intn iliin ovffll pint**, tin* *fat*» ntv H**d fur 
rooting: whim the cleavage Is* not ** ihU\ the iluti** liv tuwd fur 
paving. True oleovAgts-sfnltu* itre ram in ijnlti- vrttut a<-ui-nilly 
uro called slate* are either phylijtt-s or enmjHinted in whiuh 

the ptom-M of splitting a*r in it ul^jivago-pliHiPh- 

Tho chief sUro-qnome* of India art? i-hf**v of Kangra, in the 
Kangra district; Rowan, in tin- Giugnort district; ami KHnnkpur 
hills, in the Monghyr district, 

Traps — Derided tho fntvgcttng example* oCthe biuJdhig-riniir* of 
India, a fo« other vuriirtiBa »n- »ls» eriipluyH .t* ain:h when 
wadi I y available anil where a oiflieirmt quantity «xbtn. Of this** 
fha must important pjo the himalteof rhe Itecufttt* which,-from their 
pryralwioo ovtr a wide region dfW extern Iiiilb are HftKl hy the 
Riiilwiip Fin!! |*uh|i(" Works tki]wrtnti 4 nt tor tllrir huiltiingni 
bridged Die permanent way, etc. The traps furnish nn c«Uy 
n i iiknl ih- iiml durable atone of ftn^l 'ititfligth, hut il> dull, *uh- 
daeri flofour 4pe» not reeornnirnnri it lo jKipnlnr favour* Of Into 
yensome tnirhvEii’ anil Other aridk Envn* uf li^fit Lull ami ensam 
onlouiB have Found great favour in ?hrr building ««f public irdiflnja* 

TJic- annual value of the Imiidmg-^tuiifu output in India fc 1 t'R 
million nipcoH, 

5, COAL 1 

Production of coal in India * ■ ■:il i- tin- iiiom imjHnimi! of the 
mineral rn vluct* raised in Indio, Within ihc JjMt hit tv years 
India had become un important eesUpFE during ■ the annual 

product.noa nearly supplying her own internal rn?uuiiispt|om 

Mw yearly ontpnl fn,stn Indian urine* in lilRJ 10 S 4 ,nou iinu 
ti>ne valued at the pivuorit wwtof {ifoduotion^ Rh, ^B.OOjMhWHL Of 
post-war outpufe t by far ther [ingest purl —faii WM from 

I C'nniiiri.s. 14 I mii>i. ir«m *'f * i VVil 3^]l pi 1 i ; I4 :■ ; V > ¥***, A hiiri*. i W 

llrlil 1J- .H 1 : > / ^'4ll K l. I IKEl* . ( irtfcllh'M- vj il llX. ItKl-l , 

K It, ii**'. KHfiPE^feai I.Wr« WAI v^l Ul I'l E-. IV,tl. 'UV.r vul. 

Nh- 1 !' liHV \luii!Tit| eftrfiiirl Miu lif rililum ri.i'-'M liuHng H*ii 1 - 1 . 

Vitl. hi pi. 3, 


ECONOMIC OEOLOGT 


IflJS 

tht- mMilivltb nf Ui’iijpl. Bihar mul QrWu . 0° u hum a Jn- flelduot' 
Mnilhyn I'nij^h i 3-6% from trtftttit fields in HyrlrreljiuJ Sin (r 
uniE nlknit 2% fmm three ibid* ha Vintihya, I'nniraL This ntnatiiita 
iu n ti*Ul of 0H% fur till? imiduetion of wal frum tlm IVniiiHtihi. In 
itri {U'olugicnl relation* llm o*jhE of the Pan insula t n nitfudy rc* 
rirfalud to liar- L^mmEn aeries of Lhr [iimw nuntiivjuLH -yntt-id. 
Tbfi renin in tier of the csoul r^iised in India ciiikik from iho Luttrur 
Tertiary, Kovt-ne or Oilgott'iti!. rocks- of flu- rxtrit LVijiititiiu. mz> 
A^ OPI (.VinkiiiiL i r l^nH . E tJiiij ^i (] )uiulOM, BuinciItidM 11 fKlo^-U Mini 
R ilrtmi if { PhIheml) t Of L1 hl*m\ tho Asi-ijirn prixlufl Joii i* the mofcl 
Smportunt uni! p mmfjii«fr for Mir future . it UYGTAfgPi* ovot I ’., uf 
1 he liji >>l liiiii-ujL prHHhioi . while it alho upjjmHeheH JUmilwrinn ^tm\ 
In it* quality a* a find. 

Thu foUnwiiiif ulilr .Hluova iho n-Jut i ve Important of the* various 
ucuil'tieliJ* of India. with their averfqfts annual mitynns -luring the 
yu&tS IlMU 47 hi mum! tiUJllhctt! 5 

Gundwana Coal. 


Bengal, Bihar and Orissa, Tugs 

{ . Jian^azlj |,flW^OCJO 

2 , Jharia - - <.-11,000,000 

a. GiridUt < - - mfiW 

L Bdkaro - *<700,000 

S, lCaraiqwm - * - - - - * 050,000 

U, Taluher 350,000 

Madhya Pradesh. 

1, Bfllhirpur * - - h 1 ■ " $40,000 

± PelH'h VaJJry.- 1.300,000 

ft, Korea * * ■■ *■ * * ■ - 1,100*000 

Hyderabad, 

L Kfithitj-fiiilam, S.mtfflreiiL rlo. * j - TOO,(H HI 

2. Tniidur -.- 810,000 

Vifidhya Pradesh. 

|„ ^unuki * - 4 ■ ^ * 110,0(1(1 

2. Hnlm^pur and .fuhilk - - ■MOjfNai 

Tertiary Coal. 

J. Asanm [Miikum, Xaslra, die.) - - ' 350,000 

2. HilEih IiIhEjui (Khmt) - JOhOiNi 

ft. Sf»h^ltu)gQ * 

L Bikaner jhilmui) - - ®®*yW 







4! M (JKOJ.OUY OF ISDIA 

in the Htwi district of Jammu B»vinw «•>«). momb of atilhmcU* 
ttinUil v occurs m *OWe widely iIMumI *mm* of l-*» ft* 
in thickness in imsocwtiun with Numniuiltif *lreia Tli* Ini-tor 
t «eur a* inlicr* in the Mam# writ's {[>■ MO). The cuoI-cuudc -in- 
distributed over ;ltf miles »f country in thm* »r lour cuntBd*- 
Middtojnto has esUmitoi lh« ifiiuatHy avcilabte ^ W.WO.0W 
totia, with mining at ordinary depths, Some of the Kmai <*«»- 
imthnunteH contain fl0-8S |«'r ewrtnf ta’lum. 1 

In general, the iJondwmm w»l » * I.mitted hi turning <*«>! 

wiliiin which dull (dunum mid bright l'-"it ruin) Liver* - .ln-ruftte. 

Anthracite. is. coal in which the jNSTorntOgo of carbon is more 
lluui (Ml and from which volatile cOmputiixlH tin* dJiiiiitftnl. tn 
not round in the Ihmdwtum fields, rite votei No compound* mid 
riflh nto. «4 « rule, pn^eiri in too lurgv i‘ proportion to Om¬ 
ul bon percentage to rise above 93 to->■», gtwwiitty mwfcw* 
jlmt. Thu pereontagfl of n*h is nsifitllv high, l-t to - 1 *- risiuf! 
in n* lit util nit 2A to Jt H |ior rent. Moisture is ataciil' fro® the 
utril of the Qondwsiiu Holds, but sulphur and phinphnru* urv 
jm-M'fil in variable (jtmrit.ititu in the coals nf tho different parts 
<if the I'vmtuufu. tfolphiiF {Kiirehhigi 1 i-i generally high hi lurti 
nrv coals. In gonondt the frondwona cauit i* good sto-n-m or gas 
ooiil. Oeoummce of coking coal is confined to the Jhwria, fdrtdih 
jmiiI some puns of KnrjuLjmm fields. 

It is probable that some extent r>f ooaJ-bearing (Joiidwim* mrkh 
Iks hidden underneath the great pilr- of lava* of the fh-wmi trap. 
At - 4 :vend places, ehietty in the Kotpuius the denudation **l the 
latter has exposed coat-bearing Oondumnit strata, from which it 
is reasonable to infer Thus considerabk ipmutitir# <>t the vtiluiiblv 
fuel nit- buried under the formation in this and niorr westerly 
parts. Of the coal of younger age, worked fnuu the cxint- 
IWimsih Assam coal is (if a high grade ns fuel, while tlial "f the 
Punjab tun* it lower percentage of fixer I ear lion. Ift tlu- former it 
rhMM to as much ns 33 j»r cent, in the latter it never goes beyond 
L<i jwr cent. The latter «#d. properly u lignite, ih more »ttu- 
m lruitta, friable anil pyritoas, aiu) contain* much moisture, J he 
two lust ijualities make it liable to disintegration on rxfuwun-. sin 
even to * pun lawn us cornbnation, Wtth regard to its. geological 
nape-eta the- extra Pemmuiliir coni la mostly lawrr TeHiaiJ I he 
ftelt-ltutige coal comes from llu* Rimikot serin* ; nnd in AurtlU 

* Abdul.-1ui*.". AfintalXuirr/ Itrjkvt*. jMlimu itn«l Ks»li™ir I'.mUli-Mi 

yf |truJHi h JulliTTUlp 


I'ICONOMJr ISKOLtMlV 


|u? 

thrv^ hfiriaoiiH iHieiir -erne mar Lhti button) <U)d «nu lit tlm Sop of 
Lhr .UintiJi untie* (iwfca ponding to a |mrt of Lli« Kirthar), and pi 
imitih mom ini|Kirtoiit urn in the Bnrail *tow aomowhat abutfv 
tho hciuntlmv In B uncut impure coal OMpn 

Hi. uiriou- hcirfznni* ill ihi Uowue arid fxm'ffi 1 Oligooone. Tlw 
Tertinrv eiwl of Palmi* (Bihtm'i) and neveraJ 04hot Turrinry «*** 
of KfljpUtJUirt and i ukli U pn>jH'.rli speaking n lignite (brown 
tigaJ), though belonging tu the Eocene, The luivuftt thin cimt of 
Annum |ul* been irirurJoil ■«■« of Cmliiwwiifi age hut this now i^jns 
impnutniUo and it Ima Ihh 1 i t hurt dns^d with I ho Ewftflftj fo u ' 
thin ^jiiuh of brown omd occur in the Jurassic atmta of Cut oh and 
pOfifltljly sjjnio of tho ijojiI ipf tlin Mian wall dintri<i£ is of this age, 
uhhoiigh it h Jisuif probably uf Riiuiktit age. 

S^-scnif whruing noi-r> tuivo Tn mi ^undiil of Into youregarding 
tin' -mull i.ujlable n^efViy of gtKpfl ^tuililrV ooaj in Im3 1 n nnd flu" 
jippi*. i:i*-fi ia 1 ^ ^xtmustlan uf coking ooui forniictnlttn'gtanl uw» l^itc- 
Iv mvn^t-NI mOimii Ct-H plmx- ihe roni rv i-h of lux*I [ Wflli i\ eiinily nmzes- 
lijliiiP Kitd ill a dr pill of 3 CM K> fI. in the known fmlmii omiUioWs wT 
ithesut 5(w>0 million tons, nmclo up uf WWW million tons uf outing 
will and tho neat non* coking cw**L The fltndmit may jmrumU the 
mpnrl ur the Quvcmmc*! Coal Inquiry Cammitfae, 1 ft I li P *ftd 
fi, R Fax'* Memoir on the Lr* Goridwanii (jrmlflrfrh, d/c 
vol. IUL P 11*31. 


Reserves of good-quality Cod 

GintfJh and Jutati Holds - - - *.. 
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Hon valley field* 

Tvdtitrar Hold 
tfiitpuru tinldi* ■ 

Bull 11 rp itr Hin gn m ni flit da 

Tot a I 

Reserves of good coking Coa! 

Ciirlrlih field * ■ 

Ran ignnj fkld * 

Jtarfn field * - - 

Ruknm field - 

Kjirnupum held 

Tutsi 
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riHOMittV OF iStHA 


AM 

Itcservps of IjjLnminmi* finU'OQkflig vwil ■ 2nd hniJ 'frd grade 
are of ft imirli higher order. Itaunt wttm***sh put them -it -H«H> 
imiJion tons* if tlio high-ash lie in «4 in IroHm * j s 1 1 eertahi 

upw combustion devices*. p^jierinitiiUt* have Jiuvn MiiM U ^ 
fiosHihb to upgrade somp of r.liib quality i-rml to coking oh I by 
washing Jind Wcridmg. T-. tin* iiliove-Hottfl rtmrv on of gnail* 
<^irtliTy crol must Irc nftried I hi- fe*«nmvs m Tertiary brown ami 
ftj«l %iitf' i which form a valuable ndditrnu Up iho mineral juwt-t* 
of such oil living prQT^tQM PI AwUU>lf Madnw mid Raj put hi in in 
India, nor] hs W «4 Punjab. Sind and KuhiduMaii in P*fci*tnii. 
j\ ssiiti i Tertiary otmS 15 of high quality iuiil iwmt ^tjnmkw <-f 
report'tB, {'on Inin 11 1 In the cmtlfiwEd" 1 of l |i|N'r Vwhh f md of the 

G*ro *iii-l KM MId, *rr over ..million tm; life bW? ^ 

coW red lignite deposits at ('whin, hire (South Am'ot dirt I rioL Mr*- 
drawl are efiluiilated id 5UV million ton-; the Kajputim.i nnJ * akdi 
ilejN^ita ore not yet fully known* while ihe VV vi4 Punjab nod Krtlu^ 
■- 1 iij-iE.il 1* am put ill about ihHi 1 in Hi ms loo* 

Tht hitherto coal lesa sirew of Kashmir Iiah lately been fnitiul to 
contain ftud ihiposii* of cnnAjdenible sin-, pos^^sing a MkhWHo or 
oven newer nao■ Thin aeftnsa of brown coal fir Iiwnit*^ oernr in the 
JJii rain ill a district and adjoining arena, intone ratified with the fop 
bode of the older Kareww spjw within a few feet from the siirfaeo. 
Over a him tired million Um$ of moderate-gr^de lignite arc 
rcooviirtdile from one mm near Hnramuin The f^rramtiigu <*f 
com Iniuti life inntrcr m generally about fio. 1 

PEAT 

THo oci ? Urn life tlf ]wM ill lllilin iil I'Oltfilli^l (o ft fett pluCCa of 

high elc. atum ulimn tin ^-:i True |*jit is found fcj n ' !| >: Nilgiti 
momitiune in r. few jtetit feigh lying in itoprevifeni* coMpntti of the 
remain h of RryapbftH itnOf-^-h In the rhdta <d the K tinge*, 
there ore a few tavern of pent nf forvnt vowelatitm and 

n w plant*. In Uie nutflermi* JhiU of 1 hi-, delta ^ at e* in prows* 
nfformarri-m at thv pnwnt day und 1 - iuhnI Ha a nianiu^ by the 
|Hmple. Ptwst also oceum in the Kashmir valft-y hi a lew paiiluw 
in flu* atlTmmn nftheilhetuiii ond in iwiuapy grunmi in the luglur 
v(dley«; it Is tbeirf ccitnpnH-d Tif tliu ddbrit of ^vnwl kind# of 
lupniitic vi.'gcTaririfi, griv^L'r- -i-flgr* and -ihIh-s, .Simdji r . 1 e^jk^*5 
<if peal an fc m mura* <>f fnnmd imi in tin* valley -if Nejifth II M 

* t\ Sh Jft - . (iUyJ- Mil iv. |H. 3 , I L^l. 


econohtc GEOIOOY 


i-IjIpT iro- of |w-.ii In Hu .i r«pl. after miftrm and drying It b wbo 

employed tin a mniiimv 


PETROLEUM 


Distribution of Oil—Th* hitherto known jietmlwm romiirmi 
of ]up liu are on a limited -irale, They am > oii'ho-d o- tlio iiiumu 1 
hottof Tertiary Attain whirli mtiHiiruli- the lOiUr margin nf the 
extra-lYninanlnr mmuU-iin* atang their whole lino of i-onlnot with 

the* Peninautiir block of the Doceun 4 fmin Kind rhrouuh .. 

X U I- Pmvinci- fbu Punjab ;mrl Aj*nm p mil l lu-rn «• iiurvilig 
south W7ird« rtimifi the AmLin rlniiii imi Imth nit It-*) (o the Bay 
of Bongal. IVrre nrr- 1 1nlv three -uroi- within tin- Uit which 

hare* fnr fmmrl to hear petroleum mi i .itifll Mite. 1 

ThetfP nn' ; 

I. -Pm nydi tiulf\ Hit? Apex of thi* gulf wa* 

at tin- foot of the Simla Himalayas From burr it wilklitsd 

north-uuvi wiinisp extending to t he Pol war, then nurvmg S,SAV, 
abng the ttmdRihuhbtun hill-ranged and ending in the main 
*m. The mlley of the lower Indt» baa giwhtnlly aiipplantod 
ami auoeoodetl thin uri^mul Tertiary gulf,® 

m l. Tkf Awm (htij: Thin ciunmorHvd from Digital and pro- 

toede-d ailing till- aoniJittftt *ide nf t Ili- Rmlirimputi a valky, to 

Hylhrl. and tilting the wrtfiem flan! erf Amkari through Ecwtorti 
liuigfil to Akyah. The part «HmlJlrwr«&t of Sylhi't in now buried 
under (hr iiUiiveeiii) iilthu Megbiiaami tin- ddm of ilu tlnngoa. 

3, Th4 HurmnGitlf: It ex tendril -^mth along ihv bii*iu 

nf LIn■ t liiudvrin and thv lower Irrawaddy, aiuitg ilie nmU'm 
iLvitk of Arnknn Th- (alter river i.dky- mv the oni.-esaoi* of 
the Tnrttwy Burma Gulf. 

Burma —The field* a re utuated in a wbinh elo^ly fi. 1 1 low k? 
rbr line of r hr? i Ihindwin mid Irrawaddy In the Veuougviitiiig Hold 
j^lngwe di-f.Hei l produrtkiu w obtained. ftiujiily from the Lower 
jtljocotiP a M 1 1 Dpper OUgortitin- In the more northora fiehlft of 
('limit (Magwp- dieirict), I-any** uni Tennugyui ^Puknkku die 
trim) the prodiietinii b from'the Yt-nsii^vainig him 


i i; n f.«l-fli4ib if InJk, L "‘ l - *1- oo l J". FI. >1 

Mni V PvaiM, irf Omi A«Miie Oil 

IPJII; r. Irani him 1 L A- Santamt ail Fii4ili &f Burrnfw v<j| - lKsvli ^ 

I Eli i 

* fl. Sf. pinfutI OtWBVKV of ^>pl III 0h> 
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lfl(( OEOUKiV OV IKi'UA 

«tdd«d atafta ISO million gall W ■ *#*! . <$“** 

m Million galhnw. timywn ami Vetiwigyrt ill U<* iak'-U^' 
<)iki rji-i li.nn'iiuT hi^.' pro4vt«d fO jaUlton gMjun* F* M"' 1 ' 
further south in Eh*- Mmhu wn small yielded ultout -1 to 

4 million g*Itoft nnaunlly. Tim I 'bank Ihrl.l « ». inmiftriy U.um.i 

jin Sineu. ... . „ 

Assam -Ii« Attsiint, oil Mopaga* Ijm,r tn w** 
ill*. Kywiw lit I hr Midi l tv ttion-nr. The only productive is.Ji 
hi DIgUli, to I Hr Lnkhiropur district when- tin* imm.Ll yw*l W 
in tttwmt TOM* «mbt up to shout 7u millioca 0 fflun*. I In* »«“*«- 
inir iifliJ, which nl ono time yielded about I million K'lllmix rt J 1HU ' 
utiv. Wnme exhausted in 11133, btit nxplnfwtocy driWng Hu* been 
flORtiiHied in tbs neiifh hour inn nntfoltoes. Flirtlutr south, on ‘in' 
ArnJtaii -jihuL Although there are numerous oil and gw shown, the 
imrilntittim of oil i* MgflgJbie 

The Assam Oil-Fields A general iiroOttfitoj the A^im oil-field* 
is, t/K-iiri bv E II- Ptow (J/cwmmw. OwlopiVvrf A’wrrfy of lm*i. 
xl, purl 11.. I (HI) The Aseoin IteWs" jmwluotjoM of pctrolumii 
uinix' IJUI2 [' i’ mJimid from ftO n> million gaOous |«-j annum— 
jihn..Hl nl l uf this coming fmm tho Digboi Hold (4700 WWP P* 

S.. for t in’ Lfipboi Hold i« th* only saoecwfid field tti Aaiuutl, 
tltr Boilarpur Held in iheSurmii Valley having proved cons intently 
disappointing, while the Maampur ami FMharl* fold* liavb pro- 
il lin'd nnl\ iWnufl«uit qtmntilittr. in *pito of the pm-wident drill* 
iug ntul pp ,a[—Ttioy of i In' W two decades. A* in tin Punjab,oil 
in (limit juris in jwtlwleum springs end go * *»p*g» #n' u u merit «i* 
„t loeulilhivi wvi’riug the whole SOO-raili* stretch of the IVrtutiy 
hdt from Diphoi to Chtttagcmg and along the Andean wnuMtoSi, 
pnrtiiuiUirtv in the Cuehar district, irt the Khani and Jemtui hill*. 
Lukhimpur. tin Saga Kill* wnJ Sibwinir- The gft* »<*P*tP « 

Sttnkun.1, »r '‘hftUgnng, and the ..letOUfl mud-mlcnn™^ *n*l 

nutoriil gn* wewpuge* of the Amltim ooast have Ini to ermnderiibb' 
nroejH’rting without Muct 1 *;^, 

The crude oil of IHnlxu . .. hirge proportions of ^oltim 

jujiJ pjiruHiii whk. Thcto is no sulphur. There nre, howerer, .-on 
(Udemlde vnriatioiM In the cornpositiori of the oil from one ]>nrt 
of 1 1n- niltldd to another, and tnodi larger ilifferornWH iietvown 
oil sAtviples oliiained from dijfiirvaf part* of /Vaanm. 

Thf fUijbfti FifUt Nuim iotis boring" hetwmm nrit ’ ,w -' 

did not give Mit infaulorj' yitdii«, lint 1 hI.-uiK ttjimiHion nt prodiir- 



WDMlMli' OiSpl^XJV 

..usultod l liurcflfutr, reaching n pirijtiminn of burro Im j*r 

day A 

The iSndurimr Fitht. The nuivimnm riuld v#' rrm'lml lit HUM, 
«,|ghl ml I linn soJItHif. Inn lifter I hi* dnto ». rfetuly rimlinr *■( ill. 
Aito-iiliior nboui till wdlu were drilled, tint the yield wn* Jr** uieJ 
On) (pudiLy uf tin* >nl inferior, mixed with Inrire vnluntl’i* <>( wider. 
The field wjis exhausted in I9S3. 

West Pakistan—Oil -him- occur in varimi* district* «foiig i-hu 
N<irl h-Western Front w r. port kmlnrly in % hr For war rvgtnit M< «l 
of ilie shows lire in I he lower part of i hi- (Hihenti writs* (Kirtlmtl 
nr in tin* Invent lltdi of the overlying .Mtirrwn nrSiwulik*. (n spite 
of ftiiL'tj'utic tnwperrt 1 1 1 n of Inrjtr nrritm the only cow morn ialty 
productive field won ut Khum in the At fork dtttrmt, The output 
rendird * mnximimi of ill million gaJbtm in 1030 hut tub#* !•'■ "il\ 
dedintyJ to nboiit + million gallon*. bitterly. MCaoarful boring 
to u depth uf Tlfwi ft. m the fttljwont. IthuiUn ilmnis in erotic 1 
the production agnm. Although tin Kliaur prodqriinn Im- conn* 
from I Ik* Mujw serku, it i* believed flint, (hr origin iti iht 
underlying Eo«W‘ rocks from wbk-h tin*oil lm»migrat'd iijmiittb. 
Tho deeper drilling Jut* recently proved l hit isjtumnre of oil nod 
gjM in the Eocene'UniCTttmrJi hen : in ■ he ncitfhkmfTrJg Dhnliun 
um, unrl in the n'cently diiwsovend rid its near thnhwnl llw 
production eomon from the Knee tit*. 

The fihriur field. iHrirovori-d in I" l hut pn hIhc! m im# 
jmd lUfto) till l«-- rtiJiLe win'll it Inis tlurtlietw. - n fl million 
griltoOB to 111 million giillnno pir V'-ir Hitu* 1&43, Hi iJrditie W 
been mcadv nnd rhi> field hie* upprmwbed exhaustion. Thu 
numerous borings for now «dh in thin fluid have (wuet»t«l 
p roil lid i VO Oit-ssn ds at n few level, lielwe.m 4UU fret lo 5&0U fret, 
hut their distribution and yield wore uhrsyw erratic. 

l/kultnn fi'fd WsU (Irillwl in this h> hi Up to 1034 were 
withmil sncL-esi*, hut the .hillings since then have been productive, 
u Inrap part of the 57 million gallon* of pHiufautn p«*d»ewl ui 
the Punjab biting the output from till- field. The oil is a, gjncti 
oil of excellent quiditv. rich in rim more dwimble frndii.n.- - 
Buolltie and keros ine. Huh field, however, is shu regarded « 
lin iLisf nusel IT.* fM-ak : tin fiiwr W rtcatUiy fiOtam iiw» MM3- 
TbrJom Jfdri’frW (Chokwol Jh«Umt Dwtribt). Hie probable 
^Htou-e of on nil liclil in ihi* own reported in l«2i* l»* »- 

V, t'ofjw, Otifboi iiilii.'i-l. .Wm. fl-n 4-.IW PiOW '-«< vrJ, 39. 
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Wwlin Ht,urd*. Gtotogiod Swmrlt of IwHa l \i. pari iv), Tfia 
nupti'hn of Hie iBitt.il boring* m The .1u?* M*ir domo prtnwl u 
rutwldt'iuhki M.Lilhwarvl «xl«aHi<.f H»r jmidiietm* wit. » 

initial tln W at Jot* Muir «■«« abort l«,«*.I* 1 d,l > *JJ 

i hi- oil In of puor quality anti e*tmnudy viwwtift nod wiist'ti 1 " " 

d1 BrikMiW lw l.mviil » Tfit l,. r IwltCT l[llllllt> 'Jll '' 

JWtMair atid l*»lka*mr Ifoltfc the oil frn.H the Nifcesiar 

lllfftWmo, but ilu- permeability.. it Im wmwrmL * extreme^ 
varhtbfc. anil boi h *t Java Mair nodal. Balfouwaramue ofthcwt II- 

iiiivii violdwl littk 1 or (JO oil- . . . _ , > 

\ . rate, tin' Punjab nil well* am dbllngiiisW by tin.. no 

..r -entity larmuoc «f natural gas, a* iximjiHK-d with lu,tt 

ItunuLL oil wells, where Kiw copi'iu* «td fomw a materia -u|> 
i.h-mi'iit to the lini.nl petnilemu "" wniilrnsMbni. Anuilier ir 
iiijukahlc feature of the Punjab wl welfe rxtmmuly li.pt. 

iit 11 *buh* [im vailing m the ml wmlii mill m the nverlymii lj « *■ 
Pt«sutw nil lo IKK hi Uhl per sq- inch have !**'» tiieaeu«jd in the 
m-rvmr M*.' uod for tl.i^r pressure* tin twtMfui’fory MV’nua 
I tot lm been found ft* yet. The OOmWwd OH* !> ut of *&• 1 ul *" 
.^1 wtjILj ik iibuilt ,17 million gnlfon* at pn-sent. 

JJaltual Gas— Km oral gas (chiclly mu mb gtta with ?iome other 

««■■» hvdruuarbone) usually .memnpwuw tins pdwfoam accum- 

ulnt-foim The Hits may «n«' ui separate nnh wnlfl.. hil le 

or no nil, hi.io*t of the mituml gim of India ' ri hnm J (■•lowly 

u^ieiatni with the oil. ami supply lbs P**hJ* ve force which 
carries the oil from the oil-siintts into the well* >itul. if pressure 
U, suflideot. brine* the ml up to i hr Kildare. Sinee ga.- is ciaantMl 
for thfl production of the oil and ic also valuable as a ^ ,,f 
fiU'l on the uil lieldH, cure b tukon to pn voiit tin 1 wa^to of tpif, 
wbtdi w former! v so emu men in tin* nil-lieWa. 

Potential Sources. Then up: two or three |Min-n1i«l 
iracu it. India to which refurenw rnny lw unule 

I, On I lie iiiLufoin, of the great I run belt of i>il dejHwit- at the 
fuel of tlm Znuroe chain i belonging to the taunt nysk'.ii ofitpiutav ula 
JW the Hiinaljiya, and of i Ik Tertiary nediisn-utary bed* etircttshinfi 
front tlmumr k> Xiaui T.il mul in the .W»m fiNit-liilln fmm the 
Tbitji dun TlralJiJUipotm, mu' cun nip" thr e vunr-noo nt " Ih-U 
■ t: ft, EMbliLT (I. n taw**.*wl W U ”«». Umlffur.- m ..r dw tNllftWeifl 
iTdrih WH ]|^ 14 . J'flMLe Xut. i\\*i fmlrn *n|. TF. W, 

m i j i h,_ r H j i * SiUMr«E ■ i 4 - U*«m*** ■ i Hwm*, -W" ■'» - s J vut liN k v 1 ' 3| 

im 


BCtKMUUC QBtiLOftV 


m 


i>f |-i• liiiii-tavi- iill hrlrl-. in Hi<- Iii runlitvnii pndThMil, HiiHiy in ihr* 
■lammo. Knnjira, Anil Nepnl hud \n\U juifir Hitt- 1 hr-li‘|jn*ii-itttinl 
history 'Hid file * 4 mtsiU:rid firiwIlirtsH nndrrgorir hy i-br *sdh 
Himnijiyan Kncirnn attitn* urt* rtifclitr ajjniiud the nmmrrjw -if nil 
in workable nrrmuntv 

*2 The 1 J nlf nf OLTnbftJ and oft’utdi nil T hi- weal msy*! may Ijo 
iHinfli dc tv< 1 another [Kil^Rtial ii-ivii. Oil <-i11if>r rdrtt? -it rJir < ! nrnha_y 
<>uJt are * hit tmjjtef nf Nnimmildir *4m U probably cniim'flled 
imdnrnedfh tin- dmlbu watem nf the gull Natural jiw-i in "mu- 
quantity e> run uniered in well* in nmi * e-glnn Whilu S in 1 

oattUTPncT- of p&trollfcruii^ Unh p..--rising Anita hlr utruotow 
may be possthb bOHHitli I lie mfctCVt of ibr t'mnbay 6nJf, the 
visihic *tfiifctnrr-* ^bfwrml nlon^ tjir Kathiawar mini Gujarat 
Oftttflt-ljrit- tm- mt nf n f.yjje which nm *npporl nil fielih of an 
fcriniimif vnbn- Much of iht 1 1 Luviiizii-covered Tertiary nmi nf 
N*W Uujamt him nut bean can mined for it.- * uJ pn^ihditiefn find 
the fn-Dimd-enHoovd in Um> tirinn^lu lietwam Broach* Gogha, nod 
Ahmcdnucnr metis lxit!i jj^i logical ntid gtf iphyrivnJ crimination 
in detail. 

3, Centrrtt Ivijpuiftwt, To the mirth of tin- Gulf of i ambav ami 
fJuUb extend largo tract* nf southern .and rent ml Bnjpunma* 
floored by UefiO^io iiflil ECnurne stmt*. Tln^ iwU on- cscrvuml 
by drssm sund* of snb-Reeeitt age mid n tv iimcfttreihlc tv ordinary 
geologic] itn client inn. Scenic and unmUiliooul mntefM haw 
so far failed tip ^Uggetli the prt-ttsliiV of Wiy buried slmrltirr-s 
mutable for thr imdittgrutmLl so-nnoir of nil 1 

In the world 'a total jwtroEuutii | induction annn.dlv of nrurlv 
ti^i million tom, Induce yJnire him been tiudgrriticaiii. Even with 
Burma* output il hanlly averaged i) R jn p r o£til nf fl|| woi l.! . 
total The unn ynl nmsttUiplirtO of M million tutu* i> therrfun- 
fnai\A ixmibta by rnipirU rrunt vnrimto mnrm* in« Imbni: ibr 
l*rrji1 1 lei I r lilt" rr-girm, Eumpr ainJ (lir S’ S.A., nmonnliu^ to vimu 
lino mil linn pnllon# worth about eivm- 

B. METALS AJJD GEES 

Nfcgle<?t of ore-tKidies in India India rontains onsi of numgancm 
iron JLiLii i dALijnm in oxportftblo sorplde> »nd jscolil, alMitumijm, 
ivjpper, nhrotoJiim H and u few otlxor m«?tali= m niinor tpiantiti^p 
o^iociater] with the crystalline and older oftbo fsmnfry. In 

1 A. O- iUnLihi* (Mill I' 1 . KrmUk pA*^»ctlft4r for J ^tl tu biiiiii. 

/hrfifi vat. IL Xa. *. itU7. 
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r.,r tti. put now uf apoting Hip otrt« •«* « l " ""““I 

niiioe few fttndtbif or mctulliirsiiHl plati*> rs^Ux . !■ nr this n aacui 

the .. a VLloe Of the ok* renliwd hy lb* fodlwi numm «J 

htrelv hull tint fed market- vahw, beMW* fifths hew}’ oost of 
tmtiMKirlthev hfcl to hourin supplying ore* to the Ivihip^uiTmino 
Winn-r Jti mu* ounvni. in the latter*# Mtcy. The 

„n-d.w^ - w^p!«5y if.. ‘‘trrt ' h * T’ ^ ‘ 

Wit» jwvirig. Tbi» wiw u wriuns draw bunk m tin* il^vdopiMint 
of the riiiiLi itii mourocs of India, which mmiuM .mutih^i when 
Ufil worked wasteful ly an eornrantiitie* for rjtpnrj. >-ir - • 

Bultand, in jiis review of the mineral jwodiicUon of 1m. ui. pmiu< 
..lit in IWS Unit Ihe ’ [lunnfmJ nttfttt WI l! "' J 

metal Ufertm* minerals i* the fort that in modern n,utallied and 

Hn-miral do vrlop.molts the hy-praduut fill* *M* to 

ntid indtspfflistWp Item in the «wrw* »f pruiit, mul Uw flU 

I Ik in -product neowaarily involve tu-gbi* of minorah. I hut 
« iU mit mv to work fur thr mrtnl nlww. <'upper Holphtde ores 

ui M'ti-HjrifluoiiAUStninpIca of the kiml mwy ***■»* 

,,, T)| K« mine* of I lit- world wmild n..t be worked but for ihe don ..mi 

fo, •uliLlmric add .Hftnufu. fi.rt . and for sdpliurtn mwl th<« 

WJ| „l,| bo.lei,land hot fom -tring ofrtlwr duomed **«*« 

in whiuit it ifl Laed. A country like India mi»t '* i-.nili-m- 
fare, to m.v the tax of imports unt il indiwtrie* urine domuudmg 
n nofiident Jtnmbor of chemical product* to uomplete mi fcanotuio 
cveJe, for chemical irn(l nvtjtfdlPTgiofti iodratriw wmcMMf 
akwriow in their habits “ Many of t.he mtMh'powfo *»* 
although net of attHOOndo vtilur Under tile contiii «m* pro railing 
.a tius pre.wuL dftv. Hrt likely to leootaft «J M n fhtutt duy wlu n 
improved tuothods of ore nrdinfog urn* drawing tn-atimait nut 
|n*Ui '1 ijuiiifltriftT cotulitiana of the country may render 'he ii- 
tri.etiuu of the nieuts mow [.rotitabiftd inmi thi* n. tin.deration 
thr forge yearly exports of eudi otW tm.ngtiru-e nut of Indiu 
hip doubly I u i fin fut to thi) iritwafo of the OOtmfxy. 

Aluminium 

Bauxite in laterite— Simw Lhu dineovery that mueH of the olW*3f 
portion -f Lvierite u notolav (IivdrnWd «lh»teof nlnuuiiium). hut 
. tH.-tfanwy IWu. .’ InJia. ^ hai. Ite*.. W IWWi 
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I In* smipKc bvdrrtle of alumina (huimteh much iitttntmn lift* bear* 
dirtitnd lo the jxwHihtiity of Working fhe h t<x a# iui ore of 
Eli Li i ii ini tin], 1 Bmmtc is 11 widely Hpivud mi nend in the littmt*- 
cap of the Peninsula* Asaam mid tturniri. buE tha IntrriteH rcchcsf 
m bauxite: are those of [tbmilu ribf.nct, Madhya Pradesh, esped* 
ally of IukT.ui, mid of pome hilltops in The Fhilngliai dhtriot in 
which the poroantftge of alumina m mote than ftiK other im- 
(KH-rniit deposit are those of Mnailb, Kemih Kdahiiodi, Srir^nja, 
Thuna. Kolhapur, Mfthnbidi^hwor, Bhoptd i*mt the Palm hillh and 
•tome ports of fthtdroa* The total quantity <■ t' ore available from 
thrae deposits b very large, &WJ million tons mughly, obtainable 
by simple rnet hock of surface ijqniTying. 

ftxtenHive deposits of hints it* and aliamimTim ore, -i no lysing UU 
to #0 per cent Al/^, have been diiscuvarud in iwiwiatiun with the 
lipininulitics of Jammu and PuBiidb* where millions of turn* of 
ore arc exposed In nurfrioe stmt*. Dniir medo of occurrence nUu 
suggests u futeritin origin, f fj. by deHiln-itirution of large, *uhnfrritdly 
expised spreads of jnfra-NiimmiilitJq beckon n *c:rie^ of luw, 
gently inclined dip slopes, With dt-puflita of tha nm so wide¬ 
spread and of 1 nudi nnigfikijdo tJm fklijiiiiniion twotitOW of India 
should be oondderod large, but bo far barely 41MXJ tons nf ttiFtallii; 
aJ tun ini inn per year have been produced m Indta. The average 
imininl imports of nluminiijm metal goods into India mine to about 
15/00U tons. 

CTses — AJ iiminhnu Inn* >i variety oi uppku&lintis in the inculem 
mdiJHtrfeaH It b mteemvd on uuruunt of its Jow density^ it# 
rigidity and itmifeuhUity, BflfiidM its Use for u Lendls ii has many 
fippliwil iuiif' m rUid-rifdi v, metallurgy. aeronaut k L # P eti% U is 
largely employed in the irimiiifactTire dif alloy* with nkrkeh oopper* 
ssino and nKi^neshiin. which are finding ever widening application*' 
in ji uLc rfiiobile. nlremft, rnlhwiyiutd oil wr engineering construction. 
Tha wide range id its igniiviiiin aluminiuiii and other light-metal 
alloys used Ui iiidnatriui hu# during the laut dorado i rartsfbrmed 
thc ototalrt pewHdcm of tb- world. The uiiueriil bauxite l*oe page 
4ttt)hn« various mdu-.inid in tlio pjfcpudratinii of chemicals* 

rrfrucij priot* -dmiskr^, and iltuniMOi Tim present oni- 

put of Indimi bauxilr unEl rlunfiy oonaiimmt in 

the • ■ ■ ri• i ril-mukir^ bubisiiy, VttfilvniMlI *jf oil* eti'. 

■ I” S Vnx. AlutiHmilllf i.iKi'nlr-r, lf-.r,, i:,S.J vi X dw* 1 U£ V J: Hilu ~ { * 

Atmm imlmj* Ltiii ti/tr Utiij -n. U+, 12 : (’0**111 Ilnwii Uf t* i «'"* 1 - 

ibpjlj Yo, 12, fftl. 
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Antimony 

Sulphide of antimony, stibnite, s* found hi depuKittf of iHinai dor- 
able size in CWteal (Pakistan) aid at the end of t)kr Slrijpi gtlwSiir 
in the provinceof La b o u] - h til the lod&iiir® in uiftceettflife faciditnfL 
Thu funnel ^mtir was aisilvelv worked in i he war yew*, the out* 
pul- being I0CHI tnimuf rurv pot yen i\ It occurs mixed Hitligrtbmi 
at ltd bleudr jij I }j r ta ^nuiitnid gnttis^ in the hit tor ar™. Mti1>ni ter is 
alKt found in Viziigapatflm arid In H.aE»ribrtph. Hni the produc¬ 
tion ofstilinilr from th earn bodies d<x-n not appear to Ikj a oommor- 
dal i^ibflU > tmlees metallic im lemony U oxtrnetod on the apoL 

Arsenic 

Bulphides of arsenic, orpiment and realgar, hints small deposits 
in cliitmt Atul in Kunuum, The mpimant-mmes of the first, 
locality are welt known tor thd beautifully foliated mnamiof pure 
orpimiml cKreiurinp in them, nod form the chief mdigenoiiri sourer, 
but the output JiAi fatten off" considerably of late year*. The 
orpins unt occurs fn eidcamiu* atteles und marble in close pnixinihy 
to a dyke Of basic mini Hire nwk. “Dir chief um of urpinnmt is m 
a pigment in Ucqurr-worft; St is also wnployed in pyrotechnics 
(jecau ho of i is 1 hi rni ng wt th a daz.ztn! g bt ion h ■ white I |gjht, 1 Arueno- 
pyrin> OCOurs near Darjeeling Wild in the Iffnittm v alloy, SjutHinir. 

Beryllium 

Ben I is itMiud in the imm* pftgm a tit os of Bihar, Neltnrf-, and 
Itiijputnua iTaijiitr and Vj merrier warn contain nomb workable 
deposits of t his mineral fn-titrt which largo crystals up to two feet 
in diameter ami weighing up to a ton, sire Horncttmrs obtained. 
The industrial use of beryl fice in the 12 per cant ur so of BeU 
employed in the manufacture of copper beryllium ulloy end in 
atomic eimgy ifovtdopmoiit* The eiaoi reserve* of this T*iitttblo 
strategic metal rum difficult to iMtiiimtc bftoausc of i hr eporndfo 
mode of ownurrenon of the mineral in pegmatite*. - The max I mum 
export of beryl in tkr war yean- rose to t&00 Util# n year. Kxport 
>>f beryl hoe l**m prohibited since 1340, 

Chromium 

tkeurrence— Chromite, the principal ora of chromium, occurs 
its a jitimIuoi of'magmatic diflbnmtiaticiji m the form of M^gtvgatjon 

1 Ct^Jcm llmnu, HttUlitn £,$ I. ; P j«.J S|P P *j r U^J- 
* Wff, ntjf.r. veil is, i^it 
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rium «'-h tilnl Viriiw-i in nitra ljH^i l-, httriiHivp mckw like (iuiut^, 
puridniife* ^r|K‘NTiiM>, otc. hi *tiuh funt* it thwuis hi Baluchi' 
^Tiiii (I k iultinJ i i n if 3 ^uvrniil dbtricts irf Otwh fchwlfy 

Kippirjlmrjf, and in Siiighlihunt. important r(i>po^itK have 

L m■ pi n found in ul ’Mm)f/u-* -mil in Hjinii^iri The maximum 

Indian product.in 11 in prr ivcif year* wo* n« K utH) ton*. the hoik of 
uhidi wiw "^torted, rrnh PUMH^i^onn terns bring used iooally 
I nr nuiiiufaHuring Fiiirnm-brirk*, mfmr ittfmetoriee and chemical 
products The Baluchi*! uii i[rpod(ti nrr the* most important iunl 
mit 'vipjilpJi' nf ti ijiiif'h larger mitpuL Clmmriro occur* m the* 
Qunt hi and Zhnfrdiftiricta in rhv AL»rpcujtbwA asradared with ultra 
basic intnuEktijN of late Crei-HCt^m^ age, 1 Yht Mysore and Singh* 
hlnsm depoaii - prodv m taipecfciYdy ilIjnij t thuwand 3)000 tons 
jwrly. Some elm unite umim in iho i# i 'hulk liilb " ftntgnpftfrft 
voinhi near Btifem, hut il i* riru worked, Largp deposit* of 
rhrurnit+* ocvumng in duiiiui mtruNijrinn (firming morniUitt'mtiese# 
b» v * bet ri, diw^vrmi by flit Miiimit Survey r'f Kashmir in the 
)W valley of Lanlukh, Koulnmr. 

In nil lin ^ almvt ^rritnvnri-^ chromite is a primary of 
mJigmnlic origin* 1 

Uw®—-Chmtniie i% ill'll in i ht- uuituifacturr nf fcfnujtorv hrmk> 
for Furnas linings Ub chief nieLidhirgk-aJ it«n lie# in its bring 
dm mw muh-niit of ch minium An alloy of eh minium and imn 
|iemi ehrtnin j in utied in ihw making of nitftk^r ami stainless stcele 
anti pLrmmir pJiHH^ A largn amount. nf rhftmmm i* used in the 
miunifantuc^ofmurdtinth rind pigment#, lieetiu&oof therrd. vdlow 
iiiiil tztorn i:eloum nf its Mali*, 

Cobalt and Nicksl 

(i ^bnlt and nirkt’Uire* arr nut among tile cinjiiimie pmdutifc» 
of India, A Hiijphidr- of both theoc rmH-nltt b found in the 
fAinoiis eu ppm-mine* of Kbtfri, Jaipur, Kinjputana. Tin Srhta 
of sin- Indian jom?tt&Tv i * ihn sulphide nf cobalt, which w 
uwtJ lor f!n> mn king nf blue rttiUtifl Latrly, robedt^m firpoHir^ . 
believed U* oonfuin oonyhlcnihJo iwprrra of the metal have in-en 
repoltrd From Nepal State, and nrr Pivernirinp ^7% of rohn.lt. wris 
exjx^rlwl fmni Nepal during the WWtj but the mofln of ofirnnrnps, 
gi»h-pgy nf thn fbfK^tae and probable nml pwibh 1 r«-*rrvt-n yet 
nuiuiin awaiting iuvi^tigutinTF fhi' only nuinlili- uminnirp of 
nir/kfit-mv.-P in the hniian rngiorj is mJm* in n touolily in .Vrpd N 4n 
1 Hit. U&h 1 mi. ItkVt JS, [HL 
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torn* in tilt? iHtmiui rocks of Raiusii wid Bumyftr n id mi 
O arbrtitifonMic linuewtoiW (<ir«at lini&fetonol of Hi»i, kashmir:* 


Copper 



‘J thdaP oT tho SingWrhum dfeteiet. Motabcmi mine*. wbloh yiold 
•bout Urn* ofore iwr year. vuluocl at J1 s. * 1 !ae ’- hlWhlh 1 " 

W».'of refitted otipr*M API! produced from th»' lkt- miHtt - ll 
Miws.l»o&i,lhi-flii«tittii>oii4Ul.ft»|(|»riiiiiiWiinIwfin- LnMiJgnu man 
iti&ijoiiiier'iMairingWtMffociaiiperaiBtoof 1 f° r J, bont Hihnilwt tilting 
a tom «»f tivcrthrurt in the IMimn-wr whist* and intrusive granite, 
Tbv ilcjxinita worked at the Msttabuni mi new cornust of low-grade 
tvUlpliUh- on- trying s i }«r cent of copper. &™ewh»t nuHut 
MV-wbouta Iwv© h»» found etewheift in the iitc®.* Then- wu* n 
flourishing indigenous uoppcMiidtutry in India in forntur year*, 
producing Urge quanlitiM of ooppor nod broruw from « Jl'J'- 
tniut. Sikkim,'and Sm K Ubbiiiii mines, tin- dies of nhwh are tmlt- 
rolcd by fsUnv*ivp slag-heap* and refuse " WJpjWr’Wnrkinijjf 
Important eaji|icr-itumsi ejdsted in Alwar, Ajmer am I in Klit'tri 
within h win tic Limc^ Copper ore ut found At BaWflwm m tin* 
Northern Shut State* uf Burma in luwociat-ion with the dejK*H* 
of teat), wne ontl diver ores. Annual consumption of t*»lij*m m 
India in aim (if- 4o,tHW lous- 

Tlio enppor ores of dinuhlduim and Uajputaun occur u* v«m* 
nr ,0, .UMemJnulimts in tin: Dhftrwnr schist* and phyllite^. in n 
jireat mtmber of ohms, however, the omocoms in too fwntttired a 
rendition to he worth working; It i* only rarely I hm !nc?nl -'"ii- 
(XiitMlmti Ini* produced workable lode# nr vunif. The nti*l 
common rm< l- Urn sulphide, chnloopyrit*. which hy auriaet:- 
inU" iNiiinntiiJo* azuittn. ctupritOi vU\. 

i J Ar IlMUit* Mkunttl l>i"*iiL* r>f Elwtc’m ffiugJrfjfoum. tfM-h Virf* ^ 
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Mutive vupjter oucuira lib wotiir jifatr* ill Suulfi India.. Its Knih 
tnit isolated mast** of pure uativr capper hnvt? \tem found in thu 
hod tsI" the Zansknr river* tout thnif *ourcc i * unknown- They 
occur them a* water-warn lickfuttw. weighing up te 22 th*. 

Copper ores of Sikkim—Tho copper deposits of Sikkim and l>ar- 
fttdjngdkLriot ai traded much atleniiomcmoo. 1 In t hfc area vaf uafole 
Wes of l lie ore (percentage of copper 3 to 7) an? proved to rsha 
in JUHoeiutioti with compound* of bismuth und antimony. together 
with {pit* like pyrrhottte* blonde and galena, With regard te the 
goolagieul mljilion jimli motle of origin, tile Sikkim deposit* an? 
similar to those fif Singh bh urn. The former ttre also unpointed 
with schists mid gneiss of the Doling series, which are the Hinui 
lay an repn^nta lives of the Dhiirwurs, In Imj-lIi cub& thi> mode 
of origin of tho om bodies Is the same, viz. they have resulted from 
the tuetftNnnuii.ie replacement of the etumtiy-rook hj copj^r- 
boaring Molntirms derived from granite and other intrusions weo- 
dated with ihn Dharwur irKik^ of &Hilh India or the I>aluig£ of 
Sikkim, Lack of jiilmpjute com munic&t inns for transport over 
high mountojits is tin* chief obstacle to successful exploitation 
uf ikcsu uiW* 1 

Gold 

Occurrence Mold occur* in India hot It n- native gd<h u*§ocb 
atetJ with ipuufK veins or n^efe, and nlhmul nr ih-tHbil gold in 
the sands and graveb uf " hn^e number of livers. The jirinrf|Mil 
sources of thr prccinm* metal in India, however, arc rhe quartai- 
leefa traversing the Dhurwur n of Knfar dtatriot t MynumState], 
which nrr: auriferous at. n few place*-* The auriferous U* tv- of the 
Kohsr gotdliotda are contuiTied in the nk<>ve~m rut knif'd jpuiri*- 
veins, which run parallel to urn- another in a north xmth direction 
in n belt of hoi ri 11 k^rhtsts along shear jSOfW. DM goW il 
iuttodutfsl with pyriti?. pyrrhotite ami araenopyrif e r the <ilv being 
hypo therm id in origin. The rroaet productive of these is a single 
quarts-vein, about four feet think, which heai> gdlfl in mimite 
particles, Mining operation* in this rarf have been earned to a 
depth beyond 9000 feat. soma of the deepest mining shrift h in the 
world p ami have disclosed oontmunneo of the same tnudo of dis¬ 
tribution uf the ore in the gangur. The gold m obtained by cru^In 

■ it. It, UmpU*u ib'- vnl axi |rt i , IIMJ 

* AW, i7,/U. v*i WL U- IWii , . , 
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iiitf mxl milling IV quart*. ll»fl •T.whwl -n- mii. r! with 

water m run over iiwmury plated cupper Imank*. Ilm 
mr i ( ,r tin- -.-111 b> thus ilisrfoivi'd h.v amalgamation. Hie «»*" 
Tt^uhtr lliHt Iwa wcsapftl with the attme la ^tipcted by the 

cviiiiito rimwHt of dissolving golth 

Vein^old_TK- wtnunl yield of R«ld from the Kolor hi-Wn raw 

nvi-MH.'ii lim i#x.[ valued nt more than filiHRilftft. ¥ttr 

,fo, twi If) yww ii baa MG,. Wfe <»*“* P™*"*?®" 

i, fulling. BraWt* Um difficult ins duo ..m-asin^ rj'-plj 111 

working*. flu- mines iltv expcriimcniR considerable difficulty mini 
rack-bureta, a problem acutely present in those minis. Next to 
K«<liir, but far below ii in | trail active lit**, is the HtUU goM-fima 
itf the Steal#’* lii. niitii img- which was also worked fnttn h nitnilnr 
onit'fop of Dharwut schists. !t proriuond 3L,tMH> ofci. of <?»W 
1DJ4, but ill'* nut.jiiit. feli nil and the mint' was idiwcd- A lew 
quartz* veins traversing it hand *if olUoritio nod nrgUlaccous snlitei :*, 

ii is;, t of Dlianvor ugo support the Anantpor field nf Mod run, 
wln^i.’ yield in 1015 approached 1 * 4 , 01)11 nz*. This minis neaiwd 
1 qwratimtt after several vicissitudes in 1 !tU7 At * 0*09 other places in 
tfn> JV 11 insula. Ijcsiiiis those 11 aims I fthnvr, the former raisttmer oi 
LiL.Jti is tevealcd by miuiy sign* of undent gofd-working in digging*, 
hc«jw of crushed quart fc. 11 m I stone-mm tan*, which have \ttn haw 
iiften happened ii> India with regard to other mctallifcrmw d*- 
] trait*) grided the attention of the present workers 10 the axktattt 
<if pikl, 

AUuvwigoM —The attribution of alluvia) gO)d in IffliU i* nm< 3s 
wilier. Jinny of the rivers draining ths crystalline and nwtamnr- 
phk tracts in India, Ceylon and Burma lira reputed to have 
auriferous sands, but only » few of them cun tain gotd in n milli- 
cjcnl quant)Lv to jwiy any eumntereifll attempt For it- ratmctitifi- 
Tlm only instance of sncciarfal exploitation of this kind is tin 
dredging oi the Upper Irrawaddy, in search of the gnld-beivrittg 
urnvei in its In'll for some yean*; but the ratnnus fell off .mil 
MjH'mticm ware dined down in Mil A In this way Borne BOUO to 

ii i nili f fiM , uf colii u 11 it> won a year, AJJnvial gold-washing ia carried 
■>» in the sands uml gravels of many of the riyaia of Madhya 
Pradesh, and In swthina of the Indus valley at Ladakh, Bultiatan, 
i digit, At tuck, etc., but none of them air of any richness nompsr- 
nble to the above IimIiUM*. Tlic quantity won by the indigent 
workers h* ju»t ein:mgh lo give l.hom ifioir day’s wngi*5i with only 
i k‘i 'ns iinmI windfitUi*. 
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The pnucnt-day production uf g$d in rndk l* shu.ihMSs in*., 

Vililicti M ILh, 5- 7 milium. 


Iron 

Occurrence— Iron i! rr ucoura on a [urge scale in Indk. chnify 
Ir.L the fultu uf the oxides: haematite and magnetite. It prevail-! 
ajijKucijiIly hi the Fcttinttuk, whore the dyiidlirw and 4DhiaLo»r 
uf Llit" l Shari* in- and fJuddapcdj system * tmatono at me 
[j[iic« ferru^inQLw depots uf aza extraordinary njagniludr. 
A uioii g those. matai i u outcrop* uf hiit-3 1 uiti te and magi ns litc of the 
dimension* of whole hilfes ore not unknown. But tike must com¬ 
mon mode uf occurrence' of iron is us Lumm&tol haemal dm tinea- 
ecuqe liacumfite and luioinjit Itc hrceehi; hi tenth* huouintito uiso 
form* large dafiualt*, together **ath (ulema tftc and magnetite- 
quartz-sckteUs the met a morphed product of orlghtal formula 
piM MUida and diiyw, ‘flic high grade Imeuuttdk urc-bodies of 
Sm^hbhuiii. together with thus- of Bastor, Keorajhar* Bou&i nnd 
Muyurhhimj, 1 discovered of late, am believed to be of Upper 
Ohm-war or xtdl itewer Ihr remarkable coiicenliratkin of i\m 
metis! iron in them tamij uwriU'd iu powf-Onddapah nntUaomutip 
action, to original marine ihmtdviLl prcojpkjiiuiL uf the uxidrw, 
eiirkjiuiN^ and aihrr ttfinpomid# of iron, to volcanic action and 
other mffmtiim * The-** i «ft= Itodia*, nanny or them containing 110-65 
par rent of irmt o^idi >, iitc thought to he the largest and richest 
di-puril* nf iron perhajj* in tbu world, surpa^dug hi magnitude 
t he I.ako Su j mi ri nr < i it *s fl ivy am i it *w ejrtima X ed to von tain a ho ut 

might UiDiuaiid mills™ tmu* of iiumdhu Iron. 

The Oumudn -tth-s of Bengal hold* vultudile deposits uf bedded 
Ot pmripitrtfrrf inm-orri in t\w bronatoiiF dioiert. Some iron on? i* 
encloned in tin? Upper Gondviui* hit dmtitle dtuJea. Tito Hoc can 
Trap*, itsi wtotthcriug, liberate huge win centra U** of tnnguelito 
winds on luim Nti-nldic* of the ^ Ji-crwi^t. Iron is a [«£i>nitatmt 
(Komtifii qui I tif teiteri tr. nnd in some varieti^ 1 he coneeutration of 
liixinuitc dr Inu-iiiJitite heeaoiea high tluil the rack can Im> -uneKcd 
f«r iron fra tin- Himalaya*, ttfcflriri^, there occur brgo loeal 
dopewitii of tills met n| in iht- Pnraun fimnatioits w»dj aain ji*MCci- 
athm wtili the KiHxmn coal ilcjM^il-H, 

1 T ttf 1 ^1 MOpAmiTli ia<'pN 3 f# iif inffl tUK in Hi * 1 MUj ^ 1 * 1 ^ m 

diir iu i\ s. miwi (j^r. f/Jrj. *ol. xnL pi ^ ss^oj 

1 II- E J , J<miw. IrntT-W (hfj*feOi 4 uf hilw #iuj V-c*^ GJ* 1 . vi,t. IdiL 

iJt, ^ |tlJ4 p J, A. Diivui,, .1/pfiH, <i£J. vut ixiK. j»t* n I83ti 
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Oeocrwtiical distribution — A W»I hwUt™ which ■ -mthin tin 
, uli8l verted r|,.pn<=it.. of imn ore will 1 m interfering 

In HJiiiih India the most important dipcwit chijhi^ '' ,,J 
dT&Icni. Mml.inv Hvwn- | IJababiulan UilUh JjJ 

fturwol. while ... >&abhuin. 

Maytwl'b*[ij are tin- iroii-produntofi dH»tnot«iflf H ' hs1 * ' ' ' y 

In 'jicuml innwr. (l * r Danrad * lroD8toilp afa * tw ,.° Cm *^? I S” 

,u*. ....Sic •*** ?r 

hw. .. . both on ncotitn1t «FU- lulnnwo nebnw '■* ^ « fnr 

Urn- re th, chief M of fuoL tn -team oUn l™l —- 
^itb hjoaI In Madhya Pradaah t,lu? moat nmorlun >L<- .1 ■ in deposit 
ie that of the Chftiida ilblrii't, when- there i» ft llM1 ^ hl ? h * 
KhimdmhwaT hr turnm. <l« mitin- bud* of which ■' «■*, 

.la... Urn# 'lUi|iur . . nhLl. s ,inir 1 nv...l.U.- W1 - 

*»tUf TftlimbitJ h*aa*t Kfe<«w ■ h " 1 ' »d 

,,nlv m part . In Bombay the cliirf -oiitccs of itwii am IntcriU mid 
the uminctil«**oct>Of riven* draining the trap *■«**», M of 
w |..eh are largely drawn upon by the itinerant Mm. 

Mma nf hi£b-gred, cm* of Dhnnrar nge are 

and KiUtmgin. with low pcraentujra of s.boft and of ?■>»£»£» 

Mo# rht Bnmenwr limit In the Himalaya the Kijroa<.n retf-m 
litt* been round *«• ‘ , " UI d.-pnaita. Worluibt- in m ore 1- 

0Mt with in the Kioai dtotrmt. laminu hllia, in u*m<m«tKin with fin 
Nmnroulltle *rks, which supported a number of local ftinufliw 
foi t h e manufacture <if mmittiaBB of war during the !n*> t*m 

The. udv deposit* that are pn.RUWv worked at the present *U> 
KM the ironstone ahalos of Hardware the high grad* ores « 
Maynrhhnnj, MbkghMmm and MwiUium. Hahnlm'lan hilt Mv-ht 
State, and to a Its^t extent of Madhya IVadcah. 

Imn abettti tb have Inv 11 worked on an extensive scale in tit* 
pan, w 1* evident from U» wtdhly soatte^l il*g-lw*pe whmh are 
Jo be „vn in wwj parte of Twlta. The ireu extracted wus of high 
qnahti and was in much (iunriind in ihstani parts of the work . 

■Jhr feme >i 1 he awl. . foil Ian «Uvl, fFocfi^ very BH|wrior kind 

of sled exported to Ctimjw, in days >Mf<»re the Chrwliaa fin, for 
t,h.* rnamrfivefelrte uf awnnh and Other weapons-teatifiw U, fin' 
metallnrgtcnt skill i»f the early worlu-re 

..My India im|»orfa in.n. mid steel matennh {hardware. 

. ... rnihray |dmit. Imre and «#*«**» * ! ‘v-l Ui MW wm» ®f 

nenrly -it* rmn? < J T rw|M‘t ,L4 - 
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At. iirtf*cnt IndU pnwlare* - T fi million. toi»4 uf ir^JM 
pimhi ifftotured product* frum whiah iiw: pig iroo l-ft totoa, 

valued ill 12S milium rupees; „Wl ..*. vnl««l nl j‘ (W > 

million nipt**: and ferni-mnnfime--’ nlwnil UMI0O loiu>, valued "1 
d>n mihJtm ropeos. 

Lead and Silver 

Very little lend is |»iodqC«d in Judin at tin* time. 'bough 

ore * of load, chiefly galena, nmnr at « number of |dat<* in ilu> 
Himalaya-, Madras, Rjijputntiu and REli.it. eiirfoKi.-d either uiuonu 

till- 1T.VH1 alii [1C seluHlH f ‘i . ■* i>'«r!wl* f iit *he |.rL-Uujjbniin 

an,I Vi nilhvnn liincstaius. Lend w formerly petti** Ing"» 
on .i Iiinrc scale. Tim load ores of Mnwnr, Ifmtiinbagh. Moiibhum 
and n^L, *>ma dint riels uf Madhya VrM* m< oh a fairly large 
am I i.liey am ofn-n arpehtifortOT* JiHiliiig a 
M ilvci ik:I ton of [end Urge* ..ndh of dim. I ,u| "i 111 NC -'^ 111 

Jaipur mid ia pnrta of Bihar, indicate tlwt» *xmiul 

of moot food m' 98 produml in several part* of India for wntwritt,. 
The JSawar load-wnc mines, near Udaipur. h»vn rempuned esUti- 
sivo ancient workings for lead and Hitfl nnd h»w»«qiw«i promising 
ore-bodies. The annual prottaerffon of load, however. in yd smiill 
from tins* juirnw-n fen hundred tons, The annual eottsumptiou 
—about SPOT tons—is met from import*. 

Lead ores of Bawd win —.A fmcrewaful lend industry 1 existed in 
Baud win iti this Northern Shari State* of Opper Unrtiui, when.- 
dopeuits of argentiferous galena occur on an «xtriiMv«> ^'d..- m u 
■iorm of 1, 4-lily fractured voU-.mjc tori nirtttrtUirphoml rocks of 
i'., ii.brimi age. 1 Lwg) nerves of lend, Jiiiu* mid silver on-.-- June 
beon proved in these mines and imr under ciitugmio exploitation. 
The eiuuitry mcrks are fe|s| H .lbic grit*. mid rftyofltfO tuffs, Hie 
frfr nwf of which are replaced by gahm*. 

for miinv veare the Bawd win lend win* worked mure Irons tin- 
beans of sliig'left by the 0*d CJiinwe worker »f tli-’W- miiiw than 
fiom the uriginjil ores mined ftnm druurttH ’ ,hj J Jk ' t ,u " '[ 
annual prtsioctioti readied Tljn hi tons of «at*Ue «Uwd«l 
from i io,WX) tons of this ore mined Burma auppliwl lii,tfi»i tom. 
of lead to In,lia in 1 Pin. 

Tim Baldwin ores Moiur. g*u1tigirai%, To Um; cIum til nit-in 
aornuLk! replace merits, tin* origmal mineral* uf lln’ imunlry-wc* 

I I'oiipiu Hoorn, Unit, .>; / t‘ «*R Kri w * l '*- i 
1 OnS.l. VffL tu t Ji- J* L 1 liiCit 
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rfutatilnted chfmiinaJJy by lln^ twlphidtifr nud whImii- 
atafl d kin! and ^no t by (As \^h.^ *ti mnlmiuhr 

Silwr— India the lEtrgf'nt whattruer of*ih'er ill tbs world, the 

extent cif it* av p p go «nniBul inifiorr* being ilOHimoon. 
witli the exertion nf the quantity of silver wiin from the K.*lnf 
goJd*orra, Aggregating on un nversgu about £8,1)00. imi.. no sih^r 
in prt w I n act I in t hi - mt in try, Tii w | in *d uct in it * if HI -r l n HI s 1 h v 
rioh iiirgDtitifrroiife lead -rinr tm* of tho Hawduin miiica <d iturniu. 
however, hausbnwn a marked fateeiSp* Thr silver eoiib'iir of ihe 

BAArkin lead ore* TiiH^ Fmm 10=4(1 dp^ per ton of on\ and 
with the steady inxwt^m in the tmljnit of led in pm-wur yearn 
thcrt- ffftn >■ troirrr*|*tndiisg rim' in thr iunmifit nf flj)vnr nuurd. In 
Uffll the figtin- Unidits] 7,2Mi,iWiU valiusj nl over * cidd' mF 
rujxtei. 


Magnesium 1 

Mode of occurrence of magnesite Largo dopoftiLA nf magnetite 
(MgCO|J oeeur in the jiiitriri nf Salem vein* a^ndattod with 
other rcuignaaijm ruck* situli 4i* dolomite, serpen fcfcn>ti, etc. The 
magnesite i* believed to hr on alteration-|irtxlnet of the dumtoa 
f jHTJEhniti 1 ) mid other h nniu imigtiefitan meka of Salem. Winn 
friMdy brutal t it I» uf a da/Min g white colour ami henoa she 
uiagnedir-vdii* trn verging the ctitmtly have In. -ia imnud the 
| hulk hills uf Vijriu- The fiiiipin.^ite of Sali-m i* of a high degree 
of pitdljy. Aiish aing over 90 per cent uf magnedum carbonate 
{MjgO UM per «tnl), i* easily obtained iuid„ whet! vah-ined at a 
high ieiuprntun*. yield* a material ciigreat refifcotorinetsfa. O liter 
|ilm^ in South Iridin nUo contain nmgde^dte-veiiis tra voicing 
itLvnlr mete, m. (i*cirg T Cohn ha tore „ Mysore and TrioMuopoly, The 
total reserve* of this imuaruJ. a prineipai ^jliroe of the tight inH.nl 
magnesium, me nearly ITO millicti Soi^, Ikitopile llLho uesura 
iu ^totudve licfhMite in umnv |i£ms of the If t(md*tyas and Smith 
LHlI iLi„ ihu- milling in die ptUential re-^rve* of mayncsitiiLk nit(«il 
in this country, of hi imnuhietnruig alnmidiim-ttiiigiiesdiiiiT 
ji ml hi her llght-tmMd ullov>- Tile induatcml u.ho« uf mugoorfte 
lire in tltn nwriuftrtnre of eaindtie iiiagiietiUi, refnietory material* 
for iuw in Lhe Hircl initiOitH^ and a.' a rnutm nf coi bonio Mid pa3. 
ft. i* uUn i]iannhietnn + d inh> i k eilient (KoreJ uemiiiM for aliiheial 

1 ’rtnlilJjirru^, Ift f t '■• T ^■ i(L 5 is. pt ‘J. I ^l<rt I I OV* *< -V./ vi 

mri. 7 P 12M-■ 
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H | 4)n ^ T tjb- vU\ TIim cnimliirinri mitpilt* <’f 1-he Saltern and Mysore 

.- i h ihorkifijpf rtutuh li lijfLi! ot fibuut ft-VKMi lrm» ¥ valu^E it 

iWWWIW- 

]Wangfm nRp 

Production of manganese in India—With die astoepHtwi of 
Russia (liiu Caucasus*. India ifl the largest product* of maji 
gmsf H.- in the world. Within the Inal thirty ye;)i*. the «|H<rt of 
ttuuiganfiac on’ has risen from u few thousand tons tu I ,<< 00,0110 
ttnu annually. Tho output has in recent yr«re, however, flu din- 
Mtwl coueidertildy, The major part of this output i* oxjmrt«’d in 
tin* nr** eouditimi. only ati iftrigmli«uU port of il ltring treated til 
tin* ecttntrj fur the production of tho motet, or for it- innnit- 
fnetotr into fern 1 -man fin ncse, the principal alloy of manganic 
and iron. 

Distribution. Geographical—The chief centres of niangaiiree 
1 nitiin^ or rather quarrying (for the method of rxtrai-timi op tilt 
non resorted to is fine of Open quarrying from tin* iiilUid#*), <*rv 
the Balaghat, JSimidAra. Chhiudwarn. .Jabalpur and Nagpur dix- 
Irii-ts of Madhya Pradesh, which yield nearly iM? per wot of 
the total Indian output of high grinle ore*. SttntJur mid Vmw- 
gnpafam in Madras take tho next place, then t'Oiiir tho I’oni-h 
Maiiai and Bolgouiii district* of Bombay and Singh liburn. Koon- 
jhur and Oaltgpur in Bihar and Orissa. 1 'himldrug and Ahimuga 
district* of My* »rc. and J hah an in Madhya Bhurat, 

Geological- Fonnnr lifts shown t hat manganese is dibtdbuted. 
in greater or Jess preportion, in almost al l tho geological 
of India, from the Archaean to the PJeiatorene, hut the formation 
which niav lift regarded as lire principal carrier of those dejK>:u<* 
in the Dharw ar. Thu richly inimgardfcnaw facies of this system— 
the OmdiU and Kcdtiriir aowa—«)ntam enonnoiift aggregate* of 
uianganaie -ul’Ii aa psitaoeLane »nd hrannitc-, pymlitfKe. 
liolJumitie, etc. Or these the first two form nearly WO per <v«t of 
1 he ore oiaasen. TJw geological relation of t he ore bodi™oonuimed 
in these series and their original constitution have lawn referred 
la in the chapter on the Dhurwar system (p, IW)- Bmat* the 
IHurwar workable manganese deposit* are contained m 

the hiti-ritetiko reek of various puns of the Penmeidi., where the 
ordinary Phanear r«b have bm. nwtasomnLiraJJy replaced <>? 
umlergremid wider «mtaMng manganese potions. Awonling 
fo the mode uf origin, the two firet-nomed ownrrenre* hefong *« 
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tli- $ifi\,ft fit tif t v]w Off ■ <n \*f h \ iut =, \ t i !i-ins wh■c-ii wv rv f 11 inn 3 

CuntumpuninequaiLy with thr inducing rwefe, w Kile the last bcslrrti^ 
to the r tfi'jrwliti i if orra, i.f (bum 1 formed hy a procoa of 

concentration at a later date 

A vohiniitmua memoir on tlw lniHigptfccsC'W? deposit* <if India 
by Sir L. h. Rnniror, published by I hi™ * fOipfogical Survey of India, 1 
Omit ii]ji> valuable information on f hr- firtaoralngy, eoGOt&Hlics and 
tilts genhgiHa! relations of the uiunguniw of India, 

Ore# which ocmlarn from 40 lo DO [ht cent of mangano^ ntv 
frommon and iwp qfm^l Their nUo exist, 

with an admixture, of imp of from 111 to 30 per cent ; these on? 

ftiTMffinaux art-.*; w Iijlr those which har* 

n util) greater proportion of iron in them ttftt known a* mongom- 
/mw i>oil mw. The average i-mt nf the 1mlIan manganese nre 
delivered in London win? :ir one time Jess than J-!n, per Inn 
of firat-grade ore t nr. one with a mangaaesie jrcreentage greater 
than 45, 

Uses Manganese is chiefly need in making hi eel, and in the 
inarm fret ure of frriu-malign iiesr arnl aplcgd risen. both of which 
an? alloys of nrntigainw and Iron, and of alloy* with other mend*. 
Manganese i s employed in *t?vflfr d chemical tndratrfra is an 
ox i d Leer jih in t hr i unu 11 fin if 11 rv of blexu'ln ng jk m < lor, (I ism fee tan fa,, 
preparation of gases* etc. Manganese =h ampfoyod in tho preparn 
tion ofmlimring material* furglaes, jputtev^ -paints, ete, The pink 
xmntriM, rhodonite (adicute of inirngaiieso), is hjunKijuck cat for 
geni> oo Hreoimf of h-- attractive colour mid appearance. 

Economics—The minimum vv^tyvs of rirlmr-grade oojh [ehern 
itiil grade with Mu 70 per ivnf anil lirnE grade with Mn >48 
[Hw ftint) an* not large, » ompuled nt only I It to £(i miflbm Town- 
IttWTvvtf ol lower-gnufc ores (Mu 4U—3D per com ) nrr on a mot h 
larger Hcatc. Benafkd&tion of the latter h\ modern orerdivsHing 
methods Ik i-upulila of ruL&ing the Mn content of a large proportion 
of leaner ore-lKxHcft ami tnemAfilrig their com mis r rial vrilur- The 
niOHt noteworthy feature of tlin eommn^es of manganese mining 
in Tnilia is that hitherto nlnidfit the entire output is cxfairtrd, 

I Aw version of ft part of the largo out pul to term mauganeafi—an 
essential itopoasory in the inetallurgy of pted — h now heinij pro- 
jecteil* 

In I DSD. India exported 70tJ,tKKP tons of Mnmre vajiml at over 
l Ml arorv^ of 

' Vmu. XUX’.H. itHHI. Av- HJtJ. K'lA Uxvi„ 1 i, J Ul 1L 
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Strontium 

\ fairly lurim deposit -if tlit.’ mincrd ttiMtito (Iff? per Milt 
^ r ,S<j 4 J hfiiv lai'ii fouiiil in Ihw Trieliinopoly district. estimated n> 
m miliimi i and another in Uto Miauwndi dint riel (Went 
I’unfah) of equal purity, with istjnuitvil wwvw of half a million 
ton*. 


Thorium 

The rtsoiirt't'-s of India m this rurv hrnvy metal hi' ennui ih'Titble, 
lliO. L* « I'lHiHtunt ingredient of the mineral murmaito occurring 
iu the form of baadt sands in association with ilm ilmenitn sands 
(p. 4Uti) Of TrnYAticure. Tutirorin, Waltuir mul < run jam. T In- 
inoiuudto from TraVaHOOro eoninin^ on an iwcrugp s in j»rr cunt 
oTTIrfV Thin; the tnoiiUKiEc beach flflporatd wnstitnto n largo 
potential source of the motel thorium which to day W assumed 
a strategic importance in its capacity iw » wares of ntotnie 
rtiergy. Tim quantity of thorium Available from Indian mcmaxito 
i» estimated at several hundred thousand tour. 

Tin- mineral tboriunitejTh 0 4 —' 7 « [warcent) found in the crystal- 
iitw rocks of GmIon in workable quantity is rare in India, 


Tin 


Tin-ore of Mergui and Tavoy— With the exception of a frw 
isolated tiuourreneca of cassiiorifp crystals in Palanpur «nd ila 
oetnirmteo in win in snicill ■tc|Kseitft in the pieissicrocks of Huikiii- 
bngli, no commercially workable ore of tin is found in fnrlin 
Jn iln< ihi/jiiib&^h, Ijriya mat SmehMmm dm fins tinstone -m. iirn 
in Ardiar-sn schists and granite in rMriotud uuuranG wiili b-fu- 
tlnlit*' mid wolfram, but tin? proportion of tin-ora is tardy above 
one per cent. 

J n die mughbouriug region of Hurmrn. from winch probably 
India derived its supplies of 1 in in the past there occur deport* <’f 
tiu-sirv of workable proportions (the Merged and T"'"_v districts 
,,| Giwcr Burma) 1 which Imve supplied n In rut* qumrity of lilt 
from it rwirtote ajitiqultv- ^llm most important tin on? n ia??i* 
leritc, nomirriiie iu quartjf-vdns runt pegmatites, ruwodateH with 
wolfram, nmlyintattitK and some- sulphides in flmmiir mtruflinns 


i tu, fiAi.wU. is*rib«i«l xuvUi-i**. 1 . 1 WW 'iiI'i IM». Annual Ikewtr-J 
fc^Kth Rrown itntl A M. Hnnm. On- ft***"*' urTVoy, Mti,(tiSJ. vol. idlv, 
it*. •!. lies, 
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travtmmic an andfml KthhdOHo *&tim of rocka (provisionally muiicd 
the Margin i*rW), mud >J«o in ]rtgpuititta vomat Interacting both 
But, the gwjilvj proportion uf thw tb’CHfe ii wot 

from tin- delimit# rs oftf, bul from the- washing of river-gravels 

(tfmufl tin or Jiii^wp) ami from drixlglng the river bods of the 
Mo bearing areas whew t!ii- or* h oolleetod by a proofs# of natural 
euiiivinraT k*n bjf miming water, The value of 1 be total amount 
of tin ofmcentraW (roughly 0WO to tin yearly) pmdtiocd in Burma 
rci^- in 1937 In in->urly R«t one crorv [mr yens of which the larger 
■iluirt taking* to Tuvoy, 

Titanium 

Titanium i«wiir» ju it- two ajuipimnd*. ilmnnUe and nidi©, the 
funner frf which ^ (if fairly wide distribililwi in the oIinriKwkit^ 
and other )zuvu~^> of the Piminsiihi and Kajjiuumi. It occurs 
plentifully m the TmYjmoore cotefc aa hi nek sand, atong with 
fiiramritc haimL Here the oouoauLmtaon of (In* mineral, derived 
from the dlsinu'^mtioifc uf it* parent rock, has reached large 
volumes* covering a tioteriJin* of KM) nubs length from Qulton 
lo (-ujhj Cnmcmii, Smaller imtulics of Id nek Baud ruticcntnUes 
lUbvO occur the ««a| ettafeb of India, at Tutirnrin, WkltJiir and 
( kmjam in Orfa*a, Tl lc Truvmiwto ilnieruto is rich in TiO #i the 
uvprage content being S4 to 62 |j#r wilt of litasda (TIO*)- The 
inUil ros-rve* «>f Ilmmiite T extractuUIr h\ nirniin tic jrtp&ration 
fmln the booeh *umds T boils mu Lius ivcwt aji?l eml coaet-R* is esli- 
mated at bet ween 306 and 350 million tom As-Hi.priatod with the 
ilrnri-niftr eand aw rutile, zircon r monatito, gamut and tiitUnLttnit* 
grain*. MniLiiiitc farm* t u uglily i to 3 per cent of the sand grain*. 
TiKuiium also ownrs as Lltamferuuis Jimqnutito in largo ini Livies In 
Singhbhniii and Muynrblianj. 

I^K'al util Lotion of the krgt titanium resources of the count ry 
is pmjecied it TnuuneaW, Fp till lately India u^d to export 
SitO^iw tmi- of Iknonite per annum. 

From tJjuu Kj 3C«m tons of niUk ore ubtahuol in t he jungm-Lm 
tiOfuiratiMU uf ilmeniu* from the raw .s.-tnl urnL 

The chief uwu nfilunmUe U in the manufacture uf white paint#, 
tho opacity and w>verin(? |*jwer JL f i-itmiium ojtidr bobig high* 
It aImi umkI itl ullnya with iron. 

Tim mi till Utiifiiuni nTnarksbl* pm|w'r1i^- und (# 

registiti'd uh 44 lIh^ tiintal nf tin* futuw 

* Hu-* 6'dV./^ ruJ r Imii, VJIZ. 
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Tungsten 

Wolfram afTavov- I'nn iodn !<■ l!*l J. Hurra a cofitrilnin I nearly 
r , iUhtI of the Mild production til wol Gran! (the prindpuT tiro of 
tungattm) of tin* world, laut wubeequclitly it i»urou»B*l it* output 
tr< it much larger extent, blinding the lint of the world's pnalU'OeiflS 
of tungsticn, with SOOUtffliHofotv |HU annum, Since 11' -I wolfram 
mining h»» gone through many vicissitude*. Or- pit war yearly 
output nf llWMi tona IrHng reiiurdui o.< n recovery. Tlu* most 
Important situl hi I liable occur rtmoc* »f wolf rum are in the Tavoy 
rlbtriut of Imwer Burma, 1 when? ihi? lungiitmHuro is found in the 
form of tins mineral wolframite in a lx=it of granitic Int nations 
mining a mrU ns orphic wrie* nf rockn iM'njut vno), The (in- 
urn, iwittdtei tuplitioueiJ on page 477, b present in 1 1n* sutno 
piuip of rocks, «t plmis .L^nrmt.-d with wolframite Wolfram 
nhielly occurs iri quartz-vein* nr loti**. m^ujelated with mimiridg 
likt- tourmaline, win in hi to, and molylidooH*. From its modu 
of occurrence ii 1 ' well a* fmm its amuck turn with Hio above- 
named raitntmfe. it is clear that » in- wolfram is of pm'iittmtulyifc 
t.rigin, m, formed by the action of “ minentiiotog ' and 

vapours isauhtg from (be granitic magnm. Tlio eaxslterifc has 
also originated in u dmibr man nor. 

Wolfram is aim ftniud in India In Nagpur. Trie bin ujmly and 
nt Dcgmm in Kajputima, but imt in quant itfelt *d$cfaot toaiippmt 
a mining industry in nonuHl times. 

Uses of tungsten—-Tungsten puaMHsde? xoveml valuable prtsjicrtie« 
which give to it. if* greet ituliiMrfaJ and military utility. Among 
these tlw moat imfwriflJit » tin- property of Hclf-hurdouing 
whirls it imports l»i Htcel when iidtled to tin 1 latter. Over 11.* per 
cent of tho wolfrnm mint'd i* absorbed by the -led indurtn All 
high speed cutting-took have a crrtt in pit»j*wtJon of t ungs tc <i 

In ihcni Tungsten nteel is- largely lined in tin* inuiiulapl"W nf 
munitions. of armour plans- of the Intavv gnio. ''tc.. and enable* 
them to stand the heavy charge of modem explosive*. Tungateii, 
by repeated heating, r-i given the property of great eliictiUty, uni 
hence wire* of extreme tinenew awl g(vnl strength, suitable for 
elect rie lump*, can be iiMUttifitcHurd. Thu value "I tiiMg'Uiiwjri 1 
(vnlfrumitc) wrn* tmiTi- ihan £S*i per Ion before (hr groat ri*w m 
ihr indiMiri in the ]!+tl ii was In (hi 1 hu*l war Inifiait i((il 
iiinici' fttCloricrt proctucerl intuit tmigatrn-iteeh along with other 
ferro alluya, for munitions a nr, 

' Him. OJS.f. vol, *liv. pi. £, Hu'S; Da r; ,v.r. n4. sliii t" 1 HHUi '■‘ |I 1 
H.g. I lilt*. 
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Uranium 

Pit^itdeiftdtoo-f 0*yA — .. (ujunuiitt ioootire m uodulnr 

nggn^n 1 k« ( in Juitahmi uf haste ^Pngaiion^ in a pegmatite vein 
rm®udng \ h+' ■in^iiH'A will sdiists in the Singar ndmt-tninofl, < »jiyii, J 
unri jtluo in Mimv- inlcii -beating jwgmafcitea of Nellorc *nd Ajmer. 
U In iimmllv m^rciniod with other uranium miner ft te— nnwium- 
wliitv tortartllie. ami nlfiu colunibilc. ^aniarakitc, cnrciotito, 
autuuiUn trrpllt^v <sU\ Them minerals 1i»vo great atrategic rw 
well emm uncial value boutuiftenf the umc of uranium ns ntoniio 
furl hi id thcMmsll ptuporttoui of radium i.bnt they enntuin. The 
t hivii pitdibiamh deposits have of lute yo&rs been proved to he 
pruniifling in their nuiiiiii eontpnt. They ate Email and sporadic 
and noi capable of MipfKjftintr nontinuoujB mining, A sonm* of 
uranium exists in the wuiiaaiie rfiaud* I fi, 490). Occurring in fl bu¬ 
rial km with Uw jluicruto *>uiifa of I In- K.ond W. coaste they have 
aim (it tKt per emit of O a O. A uomndomblo amount of uranium 
will 3a i lilKunted when Oil" rjumazilo Lh uli3im?«l for the i\v traction 
ul thorium rueiai- Booicfetfl pitchblende, other uranium-hear mg 
mfclrrah find radio-active earths have beta* tuuiul recently in a 
| M -U of mehitfcorjdiased roefca along n tlmiat-rcme in southern 
lijhnr, Sjuntirskite, a ooniploi uiobaLo nml iLuitnlatc. is found in 
ib mi in- l*> a ring jM^uiHiile of Nelhiit . in mAMCg which «eigh up 
to a* much ini 200 lb# 

Vanadium 

VoiuuI in rii - bearing b»n-mv # containing V t U. “i ■nuuitLty vary¬ 
ing from l to 0 \*'t wilt* hn-. lately W» discovered in deposit-* of 
r-.nytdcruble afac, but with a fitful dbdribufhm of the vmmdiuivi 
content r jn Singh bh tun and Mayurbtumj State. I Isexoct, pamgendais 
and nabiticin with the wiiiiiiry rot'k^ arc lint vrrl known, bur tins 
ore occur* in AKSoriatiuu with hnaiv intriHioa- in Dliarwar «dti*U. 

The Tiutadifbjmin nets are riimiiiintd^ftrii^ ifimnshk* \ \ s O >v — 
<ks to Z per oflfii h e hr- rhtpuniU being rsiiiuainl to lie 2ft mJElou 
nms. Rftdinrnmrie analyst-* of vanadium-un* emu cm rau^s reveal 
I hr- presence Ilf miUUte a mould a of uranium A 

Zinc 

A conaictefohlo amount of zinc In obtained in the mining of 
^tsh-rm front the Hawilwin mines which np to JlMn farmer! one of 
the chief sources of getno tmpply to India, along with lead. The 

* |?rc. ttJJ* vnf i P pt. i, 1 1+10. 
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of y inti -mi mien l m t o pfbUtt<Wd all In- Xiimiu p)wit w<i* iH.lMI ton*, 
vuld^i nt om4‘tlm* ufrupet^- 1l, is thought tluii Tile Ifaiwlwui 
y j nf i^purit* will prove as iflijiortJiitt ms, if not more- imj-nrl ml 

tlifth, itit* It?nd depotit- 4 in tb* D# 4 ' fntttfS. 

\mmnJ i-ori’iUttijilimi "1 atinc in TikUa Ih ■■vit mi,-, lmt 

n„ ,hw is |.n-huiod ilKiw. n-iish. Zinc il'l-iiih 1 m 

MocUliun wil.1i Iwwl-UfM in ill*’ " 1J " J " ml . . 

Mcwar which pmluwl cmutMemblo arm rants of metallic *mn i| 
i-omnrv or two ngm Altuwt « thousand tons t-f ore .ire P™d««*« 
It butn« smcHing «f*b»e *• inmeti out ytfc 

A workable dapwril of itae-Umdo of wwrttomble jwmty 

rmc in knticulw wta> and kali* l«u b*m dfecoTOvd m rlw . » 

,U*riot of Kashmir in awodatfcn with . JVI.ipowo.- Um^unw 
Th- veins vun^Jinm **«U w»l* tlf ™ l > ie fwT - n " tl * imif 
r lions him 1 ton- Of 8oal occur in tin- vinimfy. SjtiiW' 
neenr with the antimony uf tibigd ««I « ) PP"‘ ,le ' 

po*its of Sikkim 

7. PRECIOUS AND SEMIPRECIOUS STONES 1 
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pcttiitii. A (it'hitiii proportion; nT ilimiHMMlh. frtEfiif alMI bbfcnih foi 
from lln- HiirfaDefUiiginyti and iilliivbiJ-gMi'elit "I the river* >■! 
thiw' i.lbsi net s- Two diamond-hiring In ni /.tm» ■ 'Or :1 1 r among 
tin 1 Upper Vmdhymt rock* of Madhya Bharat: out- of theae (Bunun 
State) a thin enngkiinrrnte-h&tid m>[MLfnting the Kaintur mtu\- 
ifl.ohr fn>ii] the Bcwali series, And the oth«T f also a 
j-i ^ between the- latter mid the Bhamhir^rk^. 'I In - din moods art* 
not indigenous to I hi - Vindhyan rtwta hist have I*mmi mwwiibUstl 
ufi rultcnj pebble?* likf- tbs ottldT pftbMfil of thiWE ci^igkimiTalOSi 
oil derived from the uJiki mcka. The* original matrix. of the grin 
from which it wpcimted out by trywtii 1 tumtion ri OOt ktinwn w ith 
ocftarnty. Probably lies jp the dykes of basic rolcnim rocks 
aggodaled with thv Bijawnr series J "Vim on rot famous difuntwidu 
of India from tin- ^bovr-n^itecl film Koh-i-noor , 

\&\ cerate: The “ Croat Mogul ". -fto wwntit; tilt" 11 Xianm - -* * 
n&ratH; thfl " (kloff IDS thohlui"' Ho|w ; the I iti * 

130 curat*, Hie vulut 1 of the Ifist-TiWiUtl stains recent 1 
i winr.v u- estimated at. £480*000* 

At present very few stone* gem tjunlity w* widl a** iti* 
riimLniil diamond*] nn i [produced; t he annmil wtintUi show laut?ly 
jWOdftrm^of the. forwr typo* in *trml! i?ne>. per year, It iIin.^ 
hoi Appear, linu^ver, that thr Indian ffiaCtdtHl deposlta nh 1 all 
exhausted Intensive prrispeoting ntul mining by modt-rn Oie* 
thuds, iti place of i ho enisle and primitive digging* of util, ii- needed 
to revive tJir alluvial and phicr-t mining in Bnnnu, Kurnnoh 
Bella rv and hi Madhjic Bhaml. 

A pipe of nltni liJibie rock. resembling fth* kimlierlik' of South 
African diamond fluids, has been lately Incnhi in mu? uf the Panina 
iseliIs. Mining of diamonds from this piperack hits given m- 
ecmr aging ramlfca. 

Rubies and Sapphires (Corundum r 

Burma and Ceylon —Crystallised and transpansim varieties of 
orjnirulum, wlirn of* hrautifut ml etiloitr^ form the highly valued 
jewel rtiby, and* when of a light lilur* tint, the grin *ap|*Hir^ 
Kttbiro riffle* p carmine‘It'd duhnir. thr mlrmrnf pigctinx 1 Ubod *\ 
und perfect lustre tins often of greater value llum dUrat>niI& 
Knhirt nn- mlnatl In thr Mngok tUfttiriri, (Kilby Minim dkiriot) of 

' VmfmibMtif. AV.- /, s iJ. turn- pi. 0 K. ailKir T TA*t J'aniui 

4 Tr lb ItiitbuLkit, i H .ii#iiJtiiiint* IlftOfr. 
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[ '|,|>»-r Burma, mirth uf Mandalay. which hn* been zi cati-bnuctl 

loealitv "f this gem for * lung time. Tin* lust ruliie* of tin- world 

came from tlii-. disrrid In.. nni* covering wituo 2f» to 30 »q. 

mil!-, nf which Moguls fp> tin* wnt-rr. The matrix of the ruby is >i 
crv^iiiJlmv limmtftnp — mby (see prtjt' *2! 1:1 f cd 

with and forming mi intend part of the minnumdiiig gneiss** 
nnd schist*. The mliit-s uiv found u< d(u in the limestone along 
w Ith 11 mi ml mr of other worn bu y tuineral* oeeuniiig in it &mie 
alOdi,^ Lim nlrio ohlainwi from tin* hllJ-wn*li mul alluvial deiritun 
Tin- output '»f the Unrtim ruby-mine* nmutiuit L *miie years ng". 
U> over annually, Inn it kin* declinml if ln«r- years. 1 I lie 

average annual royalty of K*. 1 , 70,000 indicates the a Cate of the 
industry bftfora thr wi*r. 

GeiD-gravek of Ctiyfon—{Sapphire* ut i " hM * Wjvber 11(1,1 
and TO o lew* extent mine* of jndilTcrtnl colour, arc the more 
prun'd found in Hie genv-aumb aud fp«v«U ini lie lint 104111111 

district of Ceylon, occurring within a hundred reel from tbo sur¬ 
face, often lea*. In tatc-Tfertiary and peat Tertiary deposit*. I hes* 
11 1Inv euI gem-heuling gravels of Ceylon, which have supported 
previous and *emi-]»reciou« nUim 1 -minim: oontfeh for runtime*, 
without apparent exlumufcioP, mtt*l he counted JiiiiOH^wE the moat 
prolific gem field h of tin- world. The other more common pam- 
stones found in thane bed* art* tupoa. ajiinels. zircon (hyacinth 
nntl jnrgnn). Aquamarine, ohrywilwfvl fitlexamlnto ami cut s eyc), 
tour mn line* (nilttllit* and IndhJoHte), uamctfl (ppope and aim an 
cliiieh nKMinftlcme. ammiUin-stone (the gem varictiesi of h-tepai). 
amethyst anil mduTydiil. 

TJip late agr-of the existing gam -beds of central Ceylon i» mill- 
Aatnl l«i the pnMOtnt nf fu-wil ungulate. jimbosoM and other 
mammals nf the Pliocene and PIcintoctiK period*, but therein no 
doubt that the geni-atonra mdoi*il in the aUnvial gravels repre- 
sent the product* of w eal In-ring of many geological ages- The 
parent rocks from which they lu»\« U‘-» ihnv.il hv i-n«ttn nod 
weathering were moot probably peg m* libs tmv.-oi.ii: the ; Vr-h 
u-m. gnehat:* and khmufnllt.^ of tlu* mitral Ceylon \agh\iWh an 
In a few mwee, actual owrurmiuc tSf HOpphhWt xireoia. moonstone* 
and garnets line bmi cbwml m Cu- originnl matrix of (he 

!M Sapphi^i Of Kashmir - The HiMMfc ruby Jnunlit.y al«» yu'lda 

■ Oh nitj f«™ tier KwHi mbit-. M* «wJ( ■« w^i, tur **>.»*' 

J | L ] /iHiiji tL IJt IBifi. 


tel iTEor.ocv ov nmu. 

«ii..nfati^ » ^PpHirt k^iv J '*™k «* 

111 i»M awl neither .<f *» raror-i in U^il &n«* lj,lL 1 

junior source of Mpphttt* in India op till lately Kiiiljuvir. 
Tim gem was tirst discovered in K^uJliltir in l**-! d ^ t,jTO occurs 
jib lid uriutna! constituent of a Bno-graincd highly fohtputluu 
gnuitci HI 1 ’minr in tin: Kwhlwar district .if fch« SEaiwkaf range. At 
II high elevation. Tmnpp.ir.ot cryjfialtiwsi <*rondum occiir* io 
iicgiimtilc veins cutting Actiniiliit'-sohisl kmtmlrx iu Snlkhntu 
mu rijle-, at ah olt.ii mb* of IA.ihmi fw, .Weiated tah*mh i» Uw 
.y yin iip nrc prehntte. tnnrroaUiif'. 1 -ryl, -|-»lmni>lm and laze- 
lite. Sapphires wen- also nbtitiin-d ir« , in tin- fflliis-dehris a( ( ho 

foot uf thf hill -slopes. S.. v.r porft t Instil- mil high dcgri*. 

nf |nirity In.11’ boon ohtflinrtl front this locality In _tin.’ earlier 
vviiiN (nit the larger and more perfci-r oryitak '-1 value J- gems, 
appear to have Imsomo eitimiul'il Mime l^ukt; biter disco eery, 
however. by the Mintrtd Survey nf Kud.iutr hits revealed a large 
quantity of crvstuHiefld tmoKjiurwit corundum Ilm Imlh «f tho 
outjiul front the miw> u* ton lilted to wiint art . 1 emllnd rock- 
sapphires ”, vmInotiisif for pitix and of ini' as nlini*ive<, wntoli 

jewels, etc. 1 

Spinel 

Spinel when of sufficient tiwupamncy and gmiri colour in «i*«l 
in jewellery; it omurtitnte* the gem balk* ruby ulu ll of rtwr-red 
eokiur and s?|unel-Tnby when nl a di*'|H‘r red, HnbioollJ i* the 
name (riven to an ornngn-tod carle ly . Spinel rubit*-. .wour in ‘he 
HnnnOrff’ iuiii n-snoiated with intt riil.Ti's, id*.. ill (I’yloti, in 'ii' 1 
wdl-know’i) geui'&uxJfi nf Cevlnn. along with many otiWf -'-mi 
mecfcnn oniainortaU 

Jadoitc 

Judo W a highly valued nraitmontu! alone on account of i t* groat 
UiughnoEiEi, colour and the high lustrcr.iJf polish il Tolu- A largo 
number of mineral oompounila jw^-h imtiur llir fliiiiif nfjmtt. hut 
the true imiHanl, ulw named nephrite, m much flOqght after, id a 
comparatively run- substance. fie oocurreiiMi is not known in 
India, but a mine™ I greatly similar 1.0 if in many of it* qttalitiwi. 
anil known as jadsik, is bqjaly qua tried in Burnui True jnrie 
tmut* into Indio from flm Knrakosh vnltey of South Turkonlan, 

1 ], A* J? r iyi. hiMuin PiwillllB Mtiuw«. I lih lltld. mi, If^mi i 

Jiiwiptij Mulm .ii! I ■-■■L JidL. /V^I S, AV,-. thp. i/Mid OjJ-iinlWp lUij. 
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San^-c Yeshni. n^mW iwH" 111,1 PlW Hh 1 .>' " vnr ' PTy 

,,{ M-riKTiitllW!, II differ- (nmi Hie . . . ".. . 1,1 ,l11 H .' ll,u 

ntler*. I wing not so lunch, murli SufWl *0U IfrtijpwW 
the exquisite polish of jude. 

Emeralds and Aquamarines 

Bnrrl when twinp^m* a»d nf |Hfrfi*-1 colour ntul In >n is ft 
Highly Vfiluml nam* Its ™Umr varir» miu-h Fr-m vnluiirhsh to 
E£ Of at*™, blue at even jntk*. The mu^priied green 

varied in the . .■■ whih I he I.tw i -1 'it -1 ..I •—V"-' 1 ' 

kmcruMs are row; .. . hnaiity in India i, in Mrii'nr, 

wlm? crystals of exquisite colour and witter wcw ilM«over«l m 
1013 ill u bund of hiotir«’gniHSH in Imnit^wle-aeliufc I h* t>iaal< 
Jtv bus yielded about one tnillimi rupw« worth nf i1r*t£uahtj 
emettdds. Aquamarines suitable for uw «* “ |L uhbtinwl 

from [lezmatite voitip cross in# the Archa«s«gneiss u!. jw>i m.' P a®® 8 
i„ Bibar and Nettore. nqwuiwrlnw uK- urn* m thu mm- 

batoro district and in Mvwat, Ajmer **i Wiwigwli lUtijputan..^ 

fruni .., or which WliU. sU>»^ of etiittidt-rable value ««» 

anen obtained. A highly productive locality for uquimianijc* has 
bean disHivcwd in the Kadi.nir Stale in the Sugar valle> m 
Skardu, whence ftrystnln nf collide ruble *iw and l" mt > jm ‘ 
covered. the gum mwim in roam- pegmatite ‘*et» ti-averemn 

Common beryl wem* in very large oryatalm aometim^ a foot 
in length, in the garni* IK'gtnatJte of many I 1,11 
only rarely do they Mttde h-hiw rrimrtpMont fragment* of the 

n-ijiiiriHl purity. 

Chrysoberyl 

Dhrvaobcrvf is a stone of diffmnl vompinitiun (n>m lien I 11 
Janf gmmLdt white to nlbe-jrowi. Cofout. A 11 *««' 
the form of ptau ratals of tabular habil u» ubtomed Gun 
|HM>]||uiitei'Veiiiii in Kmlmngarh ill B.ijp.ifa.t«. which abo /.old 
Ink,* mid uqnamarinos. They pit found in -nw Wepm-vem. m 
ih. ne|.hcln t o-symii«iefO«mh*to^ 

jliiH. 1 1 s„d oradted W lv writable for t utting m* <wu" “>** 
ilervl ervstnfe when muring n dmloym.l am known as 

S ..Jh,oi«'fr<fr is the deep rnii-ralil-grtMi jjA j 

found in • I* IlM rx.p^it-.-luOT.* f"'™ 

gnvn by relink'd tight and «t« T . o,l by t*M»mhu«L Ugbi. 
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Garnets 

Garnet .ss a gem-stone— Gamut ftntnr of the fncjuiiriteri 

wf ii gem -stone—a high refractive index and butte* a grcal hnrd- 
nt'^s, n pleasing pofour^ transparency, etc. — and would Ik* spptwt 
a ted as moll i www it hut. put on the market in restricted quantities. 
Umn ets are most abundant in ihr mel a morph used nocks of Kaj* 
pntiiuu and Mffylin], especially in the mfos sohlsta. And lor^o traius- 
ponmt rryvUiU ivrp frequently Found < Quantities of garners arc 
exported to Foreign emmtefes for um in cheap jewellery. The 
wu rrly use*! for liib purpose is alinandine. of crimsDn to red arid 
yfobn colours* Crystal* of large bi>jC, derived from Pur aim miefl- 
**?htst, Pin* worked nf .Jaipur* Delhi and At Ktatanparh. whore 
they utr rnr iritcp various shapes for gem^ Thoso of Kishongurh 
are eorarfcbted to he the finest in India, and support a regular 
industry nf about. a Inc nf mjm yearly, 

Zircons 

Zim*j^ 0<wra-iii various* part* r«f India. but lu/whtiv quite Haw- 
or wir.Ii the degree of transparency required in n gem* //yri- 
rtntff (the transparent nnl variety) in found at Kedur Nulls mi t.hn 
up per Gangtt* 

GI nit, green, >t I U 3 w am I eta F<mrleas 7 urons mtr ctmi 1 non geui -stones 
of fVyfon. Zircon hit* an ^drtmantfofi JustrA and high dispersion 
|»Wpr, Jt* refrnutjve mdn being vury high, 

Tourma Linos 

Eed and green toiiJmiUiiies — I'rilurid and Iwilttiftdly coloured 
varieties of toiirm&ltfie, rcri K gftxn or Wu*. <ire worked us gems, 
TJie fine red transparent variety mhdUte Is obtained from rhe 

niTiy-tniiM district of Bpjiehi. rim it oocuns in decomposed 
granih* veinh, The gfren variety known ** indimtifr occurs in 
Jltuariluigh (Bihar) arid in trie ftfer dwtritt «f Kashmir, when* 
alfto iamt transparent crystals nf nihalKte an* found, The latter 
tmirmatines jwwtsri greater transparency h hut an? much Sutured. 
CritmtmrnmVmrA Are uJ** nhtifam) kffl f WJofi from the noted 
gnu-aAinlH or gravels nf Ihii i^timd. 

Other ^ein-atones of India 

trio mbove^wiwd varieties, other cryildJitttJ m mends, 
whm of ike colour mtei Mtnustivc- appearance and posseting some 
uf the cither qutLlitiex uf gem** hanhie^, tmuRpm^ney, etc. f 
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are cut far ornamental purpose# in different part# of the to an try. 
Among stieli miuemb tine the pleochmie mineral iehfcj nr coidferiUj 
of Cwyfan ; kyamitv* nr oyanite* found at N&rocml in the Pahidu 
State ; rhodonite (pink nmaigumaa silicate) of some localities of 
Madhya Eracbah; apatite [ft E*»-gToen variety) met with in (hr 
koduntfM of Vtangnpatam. Mponfltnm* Find anm/un# nbmv arr 
orn uraemia l vimetieH of felspar, the former w p^trty opalescent 
onhoefnse, mot with iu C Yylau, and the latter n green miertKdtne 
owumngin Kashmir nud elsewhere. TnrqnmM\ upaque* of tine 
blue colour. usually immitp which is commonly H*dd m the Wuare 
of Kashmir mid DarjeeiinE, ht a product of Persia nr Tibet, 
occurring in seam# or patches in t.rcichytk recks. 

Gein-outting is ft tegular industry in p\nom like ttathi* Jaipur 
and Coylom 

Abates 

Various forme of ohalcedoiiic silicn, agates, cumc-liim, blood- 
atone. onyx, janpar, otc. s sm known under the gen end name of 
akik [agate) in India. Tho principal nmteiiiii of these semi- 
precious atones is oh tail tod freni the fiuiygdjiJofdrd hmalU of the 
Deccan, where ymiom kinds of ctiAlrcdmiic sflie* Imre fillod up, 
by InliJl-rafinn, the steam-hole# nr cavities nf thn Iotub-. The 
chief place which supplies raw aitk is It at a n pur ui the Bajplpla 
tStalc* where foltad pebble* nf fhc$e nmygdules are coritafoed m >i 
Tertiary ftongtomertile On mining, the stones tint first bated in 
earthen pots. which process in tens! fie# the txdoimrrg of the band's 
in the agates. Thu act ting and polishing i* done by the lapirlttric* 
of flam bay, whu f&dijnn nut of them [after a roost wasteful prnootfa 
of chipping} a number of hueutlf^l but sniall articles and nm«- 
itimtu. The Annual ontpnt at Entmipuri* about n hundred ton#. 
Gait Limy itsed to foe a largo murket of todinn sgattis in medieval 
times for different fMirts- of th* world. 

Agate wcrfga?, pivot# and bearings of scientific iu-tminent# Aire 
mi a frf-inc cut in I nr I in. 

Rode-Crystal 

Book-firyatnl. nr cryetafluwl. InUMpnrenfc quarts is also cut 
for nnuLrueutar objects such oh dump jewels trattum dinitionrbh 
cup*. luitnUi-*, etc. Thu chief plowa are Tail] nr, Kfiflhinjr, Kata- 
bi4!h, ok 1 ., w huDce ervHi ilIifie ipmrU of i In reijimutc purity and 
transparency is ubt&hfotL Flawli-ss. iva ter-clear. unt u mmd, right- 
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ami ti'ft handed quarts fJFystiife otr in demand because of tbtoit 
piMu-idoctric property by tI m* radio and fllutftronk 1 iudtiMries- 

Amethyst mid Eoae-Q™m p the imply and pink-wikniiwl v.irj- 
eticaofPtifik-fliyEfcfth iitb out as GnMWWHi*l Ktutiea wnl pwlHdotiM, 
Amei.hy^ occurs in mnrt gpodtw in the- Dwrau li'ap filling up 
|jiva-ruvii tit near ilibltpot, lod in Ran liar Wtatc. PlttljjBfcb* 
qnnrt£ owin'# in * 'hliiuriwaffn and tVfttfLNgHl Undiiya Prrutotli, 

Amber 

Amber is mineral rosin, i e. the fm&itl*ed gum of extinct coni¬ 
ferous tto. It in extracted by tiwnw.of pit* from mime Miowno 
ctoy-b^dn in tin- Btikswug valley of Notrli liunim* A few ewt*. 
*j» produced aumujlly from -10 lo 2 <Mp, with an MOTGKIgB l| duo Ilf 
hii tn toftniprasa purcrct. BfOOCttfPf ih nmnd Ira^iii 'iikiiiif! lumpfu 
transparent m trmwhiecnr, often rhwidt'd with tmlu^himi mid 
with vein* of etddfe Amber in employed in medMiw, in rhu stu, 
for ji-wivlli-ry, etc,, imd tv highly ffrj-^c-il when "f n truiiai uncut i-r 
translucent nature. 


8. ECONOMIC MINERALS A SO MINERAL PRODUCTS 

Hero wi* shu[f oii-idtr the romiiLimig eajnnmto mineral product*, 
miirtsLly noii lueitiUic mmerids of diroot utility or of application in 
tki- I’&rjoLu hhkJhhi induitoiea and ana. T ht-y include mh* and 
&Ahiv rtiib#iUiBCtiH h raw fiULfttiiih for n number of nianuiviturrru 
and Nuhstjini-c.H n.if economii value such aa abrasives. wH-fertllwRii 
l lie ran mmrr.-ilh. etc. With regard lot heir pool ogi cud wciute-jim, 
tome itrr found a* constituents, original or secondary, of the igro 
otm rock*, flouns £l> laxk ox ktilioW among the :-itrntiiicd rocks, 
formed I>y cbtiiuirail agencies; while other* occur an vefn-stonos nr 
pangug*material occurring in association with mineral-veins nr 
lodfe ur Riling up pcmkiitstir cavities in the rocks. The more im- 
puctaiii of l lir ^t 1 products are: 


I. Albaimc iSafbo 
3. Altmi- 
3* A^boftog. 
i. Bury ten. 

*L Buuvibv 


ft* Buiiix. 

7 * Dominium 
8 _ MuurHfUir. 

11. liruphtle. 
10 . 0 y|nnizli. 


« II N JI i-r in > ttkI | , rv.j I F «f 1- *■" h ri I r^i w mt^U i« f t * uln. fc ■ h VI. Mi v j 

Itivii , tl rnKityiHiink, lliwmlfl rnwif. 

*/«j_ /,-uj iiM*,, ™l xtb iiliK. 


km ini niie {jmuKiv 


mi 


1L li.vttnitc iuui Si Jhin unite. 

12. IdnusswiiBii, 

13. .Mica. 

II. Miiirml Paints 
lil. Mniuixite, 

III. L’hoaphatic iAi|HndlJf. 

17 . I’yrH*. 


II*, Rnra Mineral*. 

H). Kr*h (it K-ilur 
2(1. Soil 

21. Itput do fir Nitm. 

22. Steatite. 

23. Sulphur. 


Alkaline Salts 

Largo amounts of alkaline yxlbirn wilt/- -carbumU*', blunrhmi- 
ntc jiud sulphate — fXi iir «i* Ml ffUortuwMiin uumj diskriutH >jf 
Hwnty minfnll imif low tsiuukUt> in N’nnh India. Tim jiriiu i^il 
stn,m-i> mi a : (I) the n-h nfflonwstmt** of many p*rta of Bihar and 
Uttar l*nuliwh |p. 5WtJ. I'll# enliniaUd yitild n( sodium 

sail.jmidlv avails hie from i-li+‘ K.|> l«iv#m ^ 'vA-iiiftnilwl m-ils of 

these parts k 14 million turn, nuwl# up nr MMDO Sous of khUuiu 
I nrjirlionftio. /imijMMiInim of imrlt .rial*and Jlint.OQO lutiB of .nodi in it 
sulphate. (3) H ' Swahlutf, Dldwaft* ami Paokblunlrn lakes «f 
Kajnutjum, Thi sitll hiitf ins of these lake* oatUD niitjalilu 
aino liu f r of Xrv.m, mid .WiO, in itw upper layers ofsalim- mini. 
At the bottoms of lluwu lake*, million* of tons of Ihowi two waits 
aw lirj-l (3) Tin* nlkatilw luk(-^ ami ilirprr^imw of Siml i DkntA*)\ 
these are nnmnroui. and tin* atm .lint of InttM waUahl* in the 
larger of these dopmssioitH Ini'- l" ,J, n estlmat*",! by L, do 1*. Lot ter 
to be about 25,ofxi ton* IQ eadi Hi The I/Wf Jake of Bulilauu 
dhtrict, Bonn. containing oJkttlam- mini at tlu- bottom of the 
hriltow with a f(*n thuiiwiid toti.^ of these wil-■ Thongi t i> 
riuantttv aval 1 1 ibid large, tUfise ftaitn hM'# not found full intlm*- 
trial use. Hhri. the crude Mitflini 'iilphm* wavered from the 
Kji]|iutann lake brim** and from Mining -if-ritpcto. ix ompluyrd 
in rnrjoiiH crhcmica! tntiiistn£w (ftlumt uma ytmr >}- w 

average annual ini parte of a f kali salt* from abroad aimainl m 
vnlue to Il« 7 millions. The .■■u*mn|itifHi ulMudu , i, in liulm 
in lPi-| wtiH ItfT .km ron* anti lluH "I tanunm suite M.ime Luna. 


Alum 

Allmis are not natural but awuiwlary prodiutte uuuN*c6urcd 
out of pyritous shales or nltini *htb|i*i . 

■h*i« w 1|,,? n ' r ' r lrf 

ami moinniw. gik® tfcu to Ihn .uddniion of tlm pjr&eis iin-himng iron 
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Tbs in..4 common alum* produced in India uremia ■"'* 
ftlnuiH, Thw tviw k JloumJiirii; alum industry in the pithl m 
< 'u|«k Kajputanii and part* of the Punjab. But it is no Imnier 
wmitif-rnrivn in thi* fin* ofcheap eiiL'imcaJIy manufactured nhim«. 
ami in carried on Wily at two liHifiJities, Knlnbagh 1 WW C ' 1 M 
The principal uw of lfa» ultun mamifaettmed in India is in tin; 

dyeing ami tanning Industries. , 

golahJn sulphate# of iron ami copper—copperas ami Mite vrinni 
„* rt . obtained im Iiyiproduota in the uumufaelurt t>f alnros man 
pyritcus '.lialiw. 


Asbestos* 


Two quite different minerals are included under this (tunic: one 
4 variety of amphibole resembling tremolit*' anti the other a 
libtrois variety of serpentine (dirysotilo). Both poatesa niudi tin? 
votne piiVHieui properties that ninkc them vahiahj* mi quijimerdal 
urodticU. As bos ton (both th* .-ea) minrrnl and «hfcy»0tlle) Him 
been dlaaovend ni many plant* in India, hut at only a few local i- 
tii"!4 is it of ctuiimeroiiit ub*' nc. Puiivendla ((.’udriapiiHl, "hrrr 
eXcoUent ehryaotili' ftibeBtof occurs ut the eonfiuri of a bud of 
tuddAfuih Umestcm* with n doWite toll; in the Hossan district <>I 
Mvsoro State: in R&jputimn; nii-t ihu Stimikrb Stall .* Singh- 
bhmu. Much of the latter, which \» of the atttinulite variety„ 
how over, does not p 08 W*a that, (piftnens or tin si Inti ty of Mue oil 
which tit. imln-t rial application depends. AalieaUw him found 
a moat wonderful variety of ».■*** in the industrial world id to day. 

ill the manufacture of flue-proof ninth rope, paps r. mdib ird, 
•heeling. b it, [Htiiil. oW;, and In the in.iking of fur-proof 

iiihuluiiHiM, hihnriitat^. tie* 


■ fla fi.S.L f.4 il, |«l 4, Wi*, 
t iimurii. United t}f /- }- tiu"1 &■ ^" ,i - 


i, \Utn. a si. rtiJ. Juv. pi, i m:H- 


s A. L c^ufaqn. 
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Mniph-U">]ol niTOura m pockets* nr hiiijr.II nwasw nr vrnts 
in tin* gfitUAtdc luui roeitiL The ell rynii rile v*i tiety fornis 

vein* irt .-'h-ja mUti* Tliu uvoiMde Kupplira m ftidiin jiro wiffiwnt 
tn iMi’-i imv i--V|iiLny.ii>i;i of tin* indigpiKMiR jial.KjStos industry; lht> 
Madras du’ponfr* being capable of considerable development for 
manufacturing idxsto*-cement. About .'>ou-lnnu ton? aw jinn- 
tinted front Madras mid fiurnilcdn yearly. Imports of mw mid 
rnitnnfpn-tiin h d uibustfte iotfil over 3 million rnpWR annually, 

Barytes 

Bury Hu occurs nl many places in India 111 t he form nf vdiu and 
a* bmlu in abides, in ^ofRossni quantities! hut. with fw exception** 
thewere nnt worked rib lately htMaiise thv absence id 
any demand for the miiienvL The chief localities for Mfcfytep are 
4 'iidrfupaEi niirE KurriQol 1 districts; Alwur fttflte;, Salem: and 
nrnmibad in the Jabalpur district] Barytes is Used ua a pig 
merit far mixing with white lead, as a flux hi tire imcltmg of Iron 
ami roanganBHCfc in paper-manufacture, in potto ry-g Jaetc. 
The whiter and twtrcr-ipiality baryte* is ti^l in the focal manu- 
fact lire of paints [lithuphonpj; the ctdimred variety in wwd in 
making heavy drilling mud by the oil companies*, The outjuii id 
rocont years is about SltftiO tons, valued nt Hs. 3.75,000. 

Bauxite 

Beside* iIm tsrjr a* the principal ore of aluminium, bauxite is* 
mined for vFirimm induct rial purpose*—naaniiijiclurcr of ehcrJincufo, 
abmdYc*. rdnutuiw, reriumt iwid in the Alining of petroleum- 
Annual pti pductipJi for uacfl ift lad ween 19*000 und 2ti>fKK i- to its. 

Available supplies. arv large; I he better gnoiw of bauxite averages 
alumina, 2S%nambiited water. $% Astfio oxide, 

and helow 3% milieu. 

Bom 

Borax from Tibet Horns r,cvoi> to- u |rrr i:i|ii»Mie from tin- hot 
ajiringa of tin- I'nga vaih-v, Uutakh, whinh occur in 
with tuMnc sulphur deposits- BorW is an iugrtdwut of mail} of 
i hr _<nl t -tftkfta of Tib* along with the other h*1l* of mmUuiiu The 
liorix «f the Tibetan Jakes' »t»btainr'd either hjf niran* id" diggings, 
on ihr ahttte* of I he fakes, or by the evaporation of their mim, 
* ,\. L. <S>|||-W. .W#m. r/s.l vvL i*h' fiL h )u.'ia. 


m 
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THi* nritthuil of Hw Wr«* iM L ' kl " "" tll,,liyl1 ’ *° K ‘ iJ ‘ 

h..i mdtm. tike ..d* l‘u«-i iu«nHiwwrt « 

tji,. itui niUu. alum mid mmLlftr uwt« tin- imda. 

wmc hirrocriy - In*.I ivniuiuTUtivf mm, N* 

owing Hi the d ism very uf d-piait* of I'dcni.o b«mte "• An '™£* 

from which the *m.pmmJ is «ovr LZ 

industry W .n«*t*cl nf tf* import* lion cf p*rtfr »Hn«J b ;w* mtu 
,hr I'aniab and Uttar Prediah, *'t.m Udakh mid Iilwi. ynl 

it» ••A.fn.rtin.foreign winnIrim*. About K'^owl*. ™ 

ex in if till vrarh . vilimd *t B*i ... * hp ““gf* iH gj 

ak.ul Hum , « 1*1, Itrinrt is of too in tho «pM!, 1,1 *JgJ* 
gnnli*. nf gt«* miifti MU gome, «»f», wnt*'* mi.i »> WMMMg 
nnrl cimindlihg. 


Corundum and other Abrasives’ 

Occurrence. Distribution--Corundum t&nn "rigiml cotiHtit limit 
oftUldinbw of igm'oii* rooks of acid or basic coatposlHim. wLi-Hier 
nliiibnio or vulcanic. It (?»««% awo™ ® "“*** or 

ntegulor grains in pegmatite*. granite*. flforlte*, <’»«-» 1^. l* rtll V‘ 
tile*, fie. Tin* priwonce of corundum under such nnm lit inn* is 
mriutled «*itue tnuiioxw^of tins baseAl,0* in the original nuigma, 
over ami above it* proper proportion to form the urn ml vatic niwuf 
nlimimoilK nifimtw.* India |«m**shi largo TseoTOW* in tlm tinetu 
mineral. whichare, for the moe* park concentrated InMjKOT* and 
Minim*. Other loculi tie# arc Smghbhum; Rowab {Pipf*), wiierc 
E , fee*Of conmdtttd «00 yard* hm*. TO yards wide am! »■» fed I hick 
is found; tho Hop* district l Ruby Mines district] m l pi hi 
B urma Assam (Kknri Wile}; some parts of Bihar; the Znurtkar 
range in Kashmir, etc. Ill Burma the femrniB niby-litm 
contains a notable quantity of corundum as an j : i: i ■' I '‘""'I 111 

cut of the fork. Mime <>f which hn* cryattulhaod into the trwispamnt 
varieties of the mineral, ruby and sapphire. In Madras thm i« rt 
{urge area of mrundiferuus rucks covering some pans of Triohmir- 
1 k4v Melton* Salem md Ctimbatum. Monty the corundum 
octuirii i* .ririr in the eoarne-gfabwd synsitaMSi, in email rmimj grams 
nr in largo try*tab measuring ennui inchra in s<iw?, It also forms 
,, ^Hi-litoi*iii of the rlMoHle evoniles of SivamaTai and () f the 
coarse felspar-rod; of Coimbatore, 

1 T- it Jtrfhm). (ViniiHtiro, 0 *■ !.. IHC*. Hr r,»> jI- Uwi - L-, ttj*- 

* Iji tin olNitn LnMAru-nl oaniiciiitn (HTnii* (> w «irn:[niil ''nuHitWHI 1 

"mum*. ►.«! tlx* niitHT-il <a-« M .til r,™*( H II •ri'amlMy 1 " "‘ l 

firhwn ilf rnUklfcnl-HV44l4ltnrf4 pNII Irfnttml plllWw +nt¥U*hWk*, 


JCillSilMH' UKfUJXlV 
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— "I'Jn* nliii'i' iiir* of i^rtiiutluru In Bi* on ithniitivi - jituttvial 

of H- emu K,,,rrv iH m j .. Vilrit,, v ,,r 

voriimtum tnijcod witli irnn-m- mid mhtt(«?nil*--.l with 
jjftnwt tif. Tho nhniriiiw power -f emery La i^uvh h- that. I hui 

nf rcsrmt.iluin, white tlwt of lhut ,,f 

the ervarnttfevi varirty wipphin*. Aw mi whrtudvo, immndiini 
now many rival* m such orti1W»l P^hIikH- *» 

otfii I ‘fflimilmn w u«ril in tfi*‘ form nl w'Iumiw, 
po wrier, et<i. by tho InjiidnriiMa for imfling Mid j«4isiting 

ulfiw. , , - . . t 

The total Mini rat I production in India h fitful, miiglfig frtiiu u mu 
jidih) t 4 > HMXM1 owtri. it altoul K*. So ,00(1, 

Other abrasives. Millstones - While wilh w< 

rIIJ tv n\m ciwaitor h™* tte materfah ynli&hh ^ mOhm^ mid 
ori.iili.lf.iie8 that ««• n.iw-1 in India. M»-*ivo iI"™* uld 
«md oectir in mm.v jh.ith ..f Inriiu in W f*' 

naed m an ahcMfe* Khm W hwdiWB* -‘t 11 " 1 «J mi< 1 

nnd ln u*d in ahrmnvo oloth «h«t paper. and t- /Unt-pubM™ in 
lerimlmii wilt#. Suitable inatoriftJ b*r nhrnaiviK mjeur* in iuihI pru- 

vhioM. Qttaet^mind «.. of mb*** ernamm in 

* .firing it u I foRPBtinns «n> waod in wind-hinot ing, gbi.v-.--m H a. »4! 
and for burnishing. W alumina *>r hm.rit.- i#Bb«dubiwt Ill 
tVrr ,frinilinn atw! or other n.,Ub A m.mWr ot -artotio,of stum* 
„ro quarried for c.itling ittto milki-m- i.twugh ^ ll ' Hl *** 

i lif mmt anitnblo for thia pm?™ ' ***« ut r 1 ^ 

ifcs There ia u aouvitv of «n* »«** in most pairi-i -I Ihr 
, ,»„„n-t. and hniw tin atone* .-mmnnty ««W K'«" 

Im.n) tfi-itrv VinrUivjin hUiiuU-Otnoftp OotldtWUlll gritF Wid autid- 
iihintU of ihe Bomkiir *Ugr,-' 

Grinii&ttmea- -firindsromw, or & ° !l1 l ^ v 

huitiuifo noons dose ptTimocf njdts Ini longing to '- |J ltr 

ur tin? foDowbig vnrifttbw: ^lUiilirtoni^. !ydit*v n uHAtiIjia, 

huruetutiu, ■^rrtillPtl I* v*i el* 


Fluorspar 

Thb inluerril i« ut ruthor mm ■ieriiminise in JshNji 


VoiitH of 

i nm romp™ ** ^ . - ib . 

flnoiftnowiil I Jin Of a™..- i‘ 

UimakviL- ■ at Kliikirf^rhimrlaU<. Xamlw-* 1 ™ mM^Uur. I t-i^h 
in On- ... in Ih 1 " "l» 111 ^mnitr in ih" ■ 11 *‘i 

vjillri', Simla llm.iLlimi*. hot the qnrtntiiv I. . 1^ UM W 

■ xJfi.gahal ,r*#rni>.0JU wUMSiri, 111**^ 


4W tflGOUKl? OF ViUlA 

xiiWuhlo in any pkm* and the -wtput lltlJ 

iBfimna by HataLiuii, Yearly p™Uietim» i* . . klllft 

Tliy chief up*? of fluorspar iH(i»a l®u* in th*- RMliilfiwlUW td >rnm 
<jf upAlLwSL'iU in the milking af aytitiwUv 

Graphite 

Occurrence <iraj>hib' ncconi in emiall qmuiliti^ In the iirysUt- 
linn am\ rnotamcrrphici rucks of various [«ut* id the PemiuulA, in 
uuruuilito and other mn«, and a& kfllkulfir nia*» m *omri 

id gni:i^- Is tin m^i.n <-^mrsul emurfUneiit uJ lb* rtK 

konfrii *.« kbondatite in 0™s*. i *. a H nnh^-«i!llniimite ^nni _ 
jmhiie-wbtat. But the majority uf fc1w*<" depose an> not of 
workable diromiBfenB, Graphite awufring iroikr *m*h cwdttwu 

b undoubtedly of Iguuon* origin, i<t< » prituilivo constituent of 
Llio jtitigma or mare probably a product of miercifliou of maginulto 
giiwea from jgiteura bodies (ehamniikitc^) with Khomlalite lune- 
stom^A Graphite resulting from the meiamurplurtin uF carbon** 
omuA strata, and representing the luiat itagn of the minimrifraLioti 
csf vogutahto matter, t» practically unknown in India, AxCtifrf locally 
in the highly crushed, fiend warm brib uf the miti'f Humlaviw- 
Tho largest deposits of graphite am in cieyhin, w hich hiu* hi the 
|mst supplied kirgu quantitles nf thin pnnuniS to the world, da 
yearly contribution being nearly n third nf die world ■* total hi mill nJ 
prod uce. Tha gr» ph ite h oiti oroun- a* filling veil is in * hi b gran i it ite* 
tuid allied gnei.^ow blunging m- the Khtmdidite I hr Htruo- 

iiife of thr visins is often columnar, the iioiuflVYib lying trmnavcrwdjr 
to the veias, TriiYannorc until lately was another iniptrtftaiifc 
centra for graphite-mining, a Applying f ttiiu a llj r about 13,000 tuft# 
of the nniieml (valued at K* 7SO.Ofl0)< The graphite industry 
liiui practically G&aserf in Trnv ran core of hit# y® rtT> nwitig the 
ifiore&pmg depths to which mining Apmwnlui have become 
neowaiuy* 

A few other looalitwe Alt known among tbr ancient crysta l hit® 
rocks. rt=* a few' localities in Orissa, Batn* State in Bihar, Murwara 
in UnjjmUim, Sikkim, t"cKirg t ME^gapaUm and in the Ruby 
Mine* district of Upper Burma, hut the- quantity produced far 
is not large. Tbe present outpnt of graphite i« about a thmiBand 
ton* per annum. After luouilicuitiou it is founil to Iv unefid for 
cmrihte-making, 

l U. X, WibiLrt, mid Ori^iii uf i unjilkiT^ Ih^Kpmli v$ f*#^ r 

.Utn. T Ogdon. Ouluciby^ ISlU- 


economic oeqwmy 

Uses 'Hie in-' «r gnqijbftl' hr in it* refnieMJMhrt <*»<• *" It* 

high iwa-. npmhiHmt.y, l**« (Jua .n ll 1:4 

in tin* MLiimiWhm< nf It- oilier Wfii uJ» fur I’^ncil 

manu&otuiT, a* « lubricant. in clw?trot> plug. etc. 


Gypsum 

livptuim forme huge Imldvd mawe* or aggregate* ncfltufinfi in 
iwasrHuatinn with muk« nf n number of cliffiwttjt geolograt foona- 
tkiTifi. Jt ban not found niunt t< M ~ In Intila. u* In hIiowb by tl*<’ 
extremely low price nl the product in -odii- of the localities whom 
ii is quarried. Urge deposit* of gypsum oeeu t in t hr Salt Knrigi' 
anti tvolurt in areodation with miik-sslt deposit*, and ui the 
Tertiary ckys and shidre of Sfcil. Rajputana aijd Ckteh. In 
Jodhpiir imii Bikaner. beds of gy[»um ■«’* found among the sill* 
ofntd lacustrine deposits and art* of «iit"-hidniblefitttniijiiiic hncnwt 
locally. MillimiH ..f tM» -f gyp^m, Urn alLemtIo(nprt»duct of 
,,vritoi«Jime&mnr of &»|klml» up. on* kid bare in the mountains 
of the Uri district of Kashmir in a atretob of about 55 mitds along 
the strike of the country-roekH. hi SpiU. Sirrnur *«d other Bw ; 
Javan areas, the gypsum injure in large mitres replacing Corhom- 
foroua or other iimwlone*. In -on* ««“ C.vp«um ©«m» "" 
transparent crystals {aefeiufe) o^ionkted with clays. Il»c hinwi- 
some massive and granular variety, ktiiiwii b»« niikt ,fi uew 
in Europe for rtatnair. «Ml* the silky libr>u* '^I v. k»OWO ns 
swftM *&>.-, is employed in making ..ornamental article*. . 

The industrial i«>e of gypsum » burtmig d for making 
of Paris. In America it is increasingly u*"l for fire -prowling ni| - 
IwanU M fl butkfing material. » •» ^ " * <mrfaw- 

drreHjnp fur lands in agriculture. und a* n fcrlifirer, with ™n*idrr 
aide benefit to certain crop*. Oypeum has begun In be 0»dae » 
^nirce (if sulphur in the nranufMturt iif 1 e 

gypsum reserves are; Pakistan, two k> t lire* hundred million urns 
fndkn Union, Its-.Mt million tone in ac«*«ibk looalitirei lurge 
ivnervos in the Himalayas. 

Kyanitc and 5illim unite 

There nlmiiinmis silicates, owing 10 thw r ^sHiup certain 
valuable properties as refracinrir* at high Krinpcreturw. ewpeKtinJIj. 
in the manufiictnre at'ceramics «nl glam, have mlO prormij- 

1'iu‘c of lute yvura. Indk pom ** -... 

tlii'se tuincrals. Kyatutenconn mainly in Mnu i > iuiu . 


flKOl^-Y OF INDIA 


■ran 

ijUATtK fl&ok Mill hh miiLNHVf- kjlinil.’ rutile in U«h fd ■ liiirrn^M- 
Him- in I in 1 Arduivuii ^Itinmitilr imiturw -«l^ in dm 

mHL^vDteiu in thi. Itenh KuiMPijn* villa^d mri in Uiu Khafil 
I .bitmu of Awou. bnpMf.unt wofknbfc dupnaits Jir ^ found in 
Kliiu^&wuii nnd otliar fatialltfoa in OTwsn 'I oliil nw# ftWl 
oom|ikJt-tHl nt ovist half iv nifflmn t«na far, romndutn uftmiw 
with Ltn**a in ohm* rolutiimship, fnrtning a gfoiaji nf highly *1ii" 
nmrou* schintH ami gximiftw. A Wfb ftegW of J'nriM with \w- 
i i'mSill' 1 ’ 1 ! uf n hi m id I imi ssImjOi 1 rn*chlll|t Wl fa 9?» ikna. 

Irtith th^e mine ml b from Httvitilt* ApsOTO *nrl Hinghhhmjv \h*‘ 
clay exports of kynnlto iii liWtrt 3%QQQ fafa* v»lnwl at 
Bh. 4fi.00.000* 1 

Limestone* 

Seildfa their isspi ab budding atone*, mid < s lirat* foment 
mw niftterifii, limostonw, if of the neejuired purity, have toportawt 
uji^ jp. iht rhoniTdil idkaliae swgnr mid riu'hilllifgiral tndnulrir*, 
Slnkcd lime i$ or iilkidi nnd i- in ffltfwiilal raw inntminl in somo 
eh tin u on I i nd u Bt tie* < 1 h em icn I ly pti li nif*efct >fn^ wt itui nfag ° vpr 

nn pr «mt ruPO#, fi» from harmful |iropcirtim» of Mirth 
or iron, run Ija nlitttinrd From Kiitni, Miihnr, Bisra, 

KJuwd hill*, JodlipnTt Bikaner. Wardhn umJ (linudit in India, 
ni i (| wevnrjd (acn I i ties in Andhra a m i Mm Im -. f Nik i*t*m * rviwmrw* 

in pun m lim-Matone um very targe, distrilnit^l fixm Sind, S U-I* - 
Province. Salt-Range and ILn/nra. 

For nscae Mux, In i.mu smelting, pnra lim*efltnm% or m It* fibfuwe 
-hAmdtie limeatum*. IB in demand, 

Dolomite XameBlomv with motr r h; l 11 In |n-r i^nt IF| nm 
nailed dalomiMo; whm the percrntJijD- nt In, i lu-y am Itu* 

dolomite^ (CnO -hk I r r mil . I 21 7 p r rrnil). Bosh dnlondtio 
1imefttoni?B nml tnin HpiSomiloj ifi- fafrly widely "" 

Tiniiii and in the Himalaya^. From ^ Itich HH|sjilip- am ir^liK' 
tivailahfe, EmnOiiiio wse^of dolcanitr in Indio nfedihtfly mrlnf- 
largiciit, a? rafractoriOB (daid-hiamofJ rhilLonit^ lived h iron, 
lead ivnd cojijk-t ^niarlling foniiimsl: a» hlnBl riinuicr I lux; u-s n 
Bouree of t’O* goa imd nijigneeiiim snllr a* linn^miiHiim and olhrr 
ini nor u^et$. 

Mica 

Dbos of Mica -Mica irmiwoviTi 1 = tindB iis^-h in memy Induilri^ 
atsd i* ft valiifthlo artlc-li- of trmh\ Tim ohief ts^p o* •■■■ immlstFng 
i J. x4_ lSuiilL veK III. pt t r IftZViMmi ,Wrii. G.X.t v^il, TBi^. M>*T+ 


ECOSOHir flKOLOOV ■tt'T 

niftlcml Htctw lrkul aiiolln-r Ik w- i hiiMUuI* fid ghuc in 

ulttj.intf i till Iiuiriy ether pilr|. • V' n - .-nt'-mvilc, l«nw 

uv«r, only large Tnmspamil nJiwf - me suitable fminn i! mi 
enormous nmowiii -if of Itaki* of mien). 

t)ii. W iihi«- n1 in if a mint-!* and tpoi tries aMdilrved iruluelrHS 

■mil wan thrown away. A iin- hu* now Ixtn found for this siife- 
siiuici! in Hi* 1 mu Icing of iwimnth Niim-liuitltto — by commit imt 
smnll bit* of Hfinp mien muterpn-^im 1 MsoiMiitohcnowen ployed 
fin many jNirjwiso* in whitihtdiMt uiii'ii ecu* fnrnwrly used. Sksnip 
mica is nbo ground inf miikitiu jndtti" lnlirirnlih. ,! ie. 

'I’lic Tmni lt j'Hrtitu rtf tin- Indian pcii insti to nte considered In be 
thf finwf in the world, lnn.it use ol I lie large disc uud perfection of 
|.}ii' crystal pin ft— obtainable -it seveml (liner-. Ibis quaiiiy of 

midt inline to the immunity from ell ..- am* — < nmip 

linn, shouting rte. of iht parent nut.-, I'l-ynial.- run re than a 
yard jn diameter >m obtained -iowls ion idly from liar Nelli-ni nnm's. 
from course pOgnatSt* veins irovW&g Ar-humn ssoIuhIji and 
gnehcaes, fmm which valuable (limit s dumfc of gn*4 Ihimifss 
and transparency am cloven off, 

Mica-deposits Indiatsihe lurpn.1 jitndwrr of m ton in the world, 
contributing, »f tote yearn, more than 75 j m cent nl Urn world* 
rwintewnente It appear- likely ihn! diwpite the threat of syn- 
l bet io mica, certain pmdr* of Indian mir* will remain vital to the 
woiiiiv doctrinal industry The i-Jtporta of udoa during the 
pOet-TTar year* ham mrrwwwl in tpuuitity fmm an of 

I 7 <},llun rwte- (of block and apUttiug'l to about -iiio.otHi mvte.. and 
in IDW Lhe value realised was n' ! 'f i: f ,,fl million, 

Scientific mining method* and rm«lumisat|ni ol mini* with 
incromnng depth of tin pegmatites, and ngkl - «nuv.l of at-mi tools 
Of dreeing and grading ->f finished mhw. together with loeul 
tiKiOOKBim nf part nt !«i»t nf split anil hlnob mica, -tte urgently 
nrvtlcd reforms. The use nf ground mica f«Mn tlw hug- dump* 
of scrap and the manufacture or mteotuto fr-uu the waste of mine* 
. 10.1 rucLorics wilt make this import tat mittertl industry of Tndin 

moro tfttuiltihMft* _ , 

The whole output ■«! the mint- is exported. U|«- being or, 

indigenous indnftt rv tt» abwrl>.«j part of the produce, foMm 

tuAnuhiiituro nf miflim.te. ... m « most wi>i'iy 

distributed minoml in the cysti.llm- rock> ■'! ndiu. '^rkcuhl, 
uiiaa is rw!fSct«l to a t-w pegnnit ite-vi'fiw only, carrying large 
perfect ivy staU fmo from w rlnkliiig •« ftuidgn intilusious* Tbert 

« 


4g8 GROl/KlY OP IJTJ>SA 

tk' Awhwar, aiwI HImwm .wyrtn.»r.»lia 

•'tmiilw.gneiMw «tul - M* .l»-y *.. 

ff only who.. m* *«« 8 * 

Uomfcvr flMibte of JKh»r. the Nrttmv dirtiwi of MadiM- *md 
Alm^r mid Mi-wur in Rajput«.«■ ■>' Blhnt - **»''“**' 

JLtWr. M percent. Mwlma 10, wldto eontninit^ a 

L r cent «f the total.' Tho liaffc-cnbuiwl.a, ht'ANe. fow «m 

Lmuitorofaa liao, hut pMflfupite-nntbar-ini™ -oeeumugin ShMim* 
. m ,J ( Vylon hits industrial who >w a 1n»t .md efcetriaal i us Motor. 

Upidulito. Uthiu mitui. tho mutrcr >f lilhmm uahli.'. ' J ^ :lirn ljl 
wrimlmt* vdnannd Jetiaes W ft . in width and *»' fo }/**}* 
In kouith in tin- Bostnr State of Moilhya Pradesh , then con niti 
flV er :t per eont of lithium oxide, The ff0mr4 * of u« fo the 
rhmikiiL. jjfosft ittitl porcelain induatriei.. 

Mineral Paints 

Substances used for mineral pitots—A number of rock ami 
mineral subslfincea a it* employed in tho HHtnuFMluro of {mint* an i 
eulouruii' jnitUiriiita in Europe and America Sitln-tancea w "£ 1 
H ,v Jinitabli for ibis purpose include earthy fonJ» of Imoiuit J e 
anil linuiTiHf [ochres, tf"■«|; refit* 'if wlftt*- mill MhiIo quw'nea. 
I^^inr tin proper colour and degree ul linens*, tfraptn e 
In tori to; arptment: bftrytw; uehentos; mi«. *t*nlit(‘< <‘l"- 
th<- above BuhetnnOM ere easily available in ■™riuHft parts of hn m 
Md «mu> are actually utilised for paint* mid piS»w«te. i«* “ 
|,]^k slate for making Muck points; Merit* and pr» l r-1 or y*Uo* 
irvicauni ochre) for ml yellow or brown «plouting nurttnnj 
barytes ns a aubaliiuifr for whit*? lead; irrpictfmt for yellow an( 
rod eulourft in lacquer work. 1 Large qiumtitienof n d and vt llow 
oohre iu a«HiK.*iaUon with graphite-bearing Mat,* {mrlanli cometi 
25-aO per nniitj occur in the fklkhnk uvw1’t , m of deposits* m t ’0 
L’ri TehftO of Kashmir Stafo. These minerals have I wen fountJ 
auitahfo for the nnuiufftcture of mineral paint*,* 

Monazite 

Munniite is u phosphate of the mir eartba—cerium, yttrium, 

Jr. pt I. IWtj Hull, of 1.1. 
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economic oeolooy ■l&ft 

hintlummii npd rlidymium— lint its eemiomil? eaflie abo depends 

1I|TTW1 « small pcTCf nftipr nf ..A Hi’, wklrh it contains ™ nn 

BCHwmny, M..ntmb wn- dlmumred tomeywirwnip. in tinT uuaii 
tvin.t in rivr r rletritti* mid .dong it lung stretch at the OOMI 

fmm {’ape Comorin to Quiltm. It haa Him b**0 found in amnllof 
deposit*. oj-smruiled with Umenite Im-scIi mi ml, at three nr four 
localities rm Or- emd eiw-t (we« pp. 477 ufid 478), At atnue pirns* 
Uui momvjjiu-s.itnlh haw lawn cunvcntmtetl by tbu net ion nf the 
sca-waw* jntu rich pocket* ibsitiis mumwiU'. the other cnit- 
stitwnt* of the sands aioJluiniiitt'igitniifl lidiiti&nilo, nitcuti, inlilt*, 
etc,: tlirsw with » high proportion nf nionoaitc have «i density of 
with ft tight yellow colour. 

'lilt- munndter.f Traviuicon' 1 in di‘riv«-d from tliojK-trnifttile-veins 
crossing the rhiirintrkih-* of the dial riot. I'" 1 original formation 
lucrlhcd to pmumiatolytle during the lftlrr pij.nl of 

the caneolidatitiu "f the ehnntOckiU- niappna, Ii i* abo ft ™'*H 
weetuwrin riuiHtit m-iit of i hi- tint in r.ck. The |*«eule|B- of I hum 
yielded "by tint Travail cone mmumtt:. on which l.he comiunrdd 
value nf thr- mijujfnl Urjsuuls. variable from 8 to 10 p-r coni. 

|n tyiM In.Hn I'spuitiit eonri'-ntniti'U nionaziio *atub «f iht- value 
of ft*. 11,00. W»» i J1 1 H* tuna), The ptfsumt output ia controlled by 
Gommaot awl i- of much reduced cllmwtffou* 

The industrial use nf uwttftxfto ifl in die Irwutidftfeeiit pwiperLics 

ufUinna *r\ d tin* other oxidr-t of tin- r.ir- eurlhr which it tontiiinn. 
Tliese eabptanc. > *rv uceil hi tin- (jmiiufiKrttire of ninnlli* and 
iilimu'-tit h for tticuiideeeenl. In■ njw I In strategic U«e ftrul ImjKirt- 
aneeoftho tliorimu vontnitf of nn.upriti b rvforwd loon p. 177. 


Pbospkatic Deposits 7 

Kntivr phosphide**, «t apatite. nr rnch-phnaidmlee. m ntnm- 
tiona, an* highly valued now ns imificinl fertilisers i>r nitmiiiv*. 
cither in thf raw condition or idler treatment with anfphttric acid 

to convert ..Into acid or anperphowphatrw. Ilnur rarity in a 

enimirtr like I fid in. wine*- primary industry w ngHmdf irw, in most 

implUble, Tin- >mh uceamnee uf phoephatio <tqki«t* nn n 

tuffiefiant .ilc in in MMUecthm with tlie Ostanina bede of Tri- 

ehiuopily. w hen- plinaphate of lime occum in the form ofwptftr^n 
diMTiHitMted it. the clay la da. The ipiftofity available 
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ti nWut h.iHMl.iiHU i utii!, A Ufcu deposit tiettr Mussoora, over- 
lying flu: I Jen I mil Itau-sione, is rid: in !iicfth‘ium phaephate. 
Muvnjvu uputiie occur* iw an abundant ccmutltueni of rhe mine* 
pegmatite* iif Enuifileifli mid of tho ituea-jMindoiltedykes In the 
HilMr coalfield*. hiwI in suliiB ftubin-LsMui fockn of Horn hay and 
Mo.lni" It ** «l*o found tm a Inna* scalp* in lontimilnr aggregates 
in tin- Uhnrunr ««*.- of Daibiuim, in Si ugh h hum, where the 
phon phn.tr iw KilintnUti to In* present in 230.000 tann quantity, 

A unarm of pUonjiUat it* materia! for uuo ( 1 * n jninemt tiirtififflr 
rxintv ill the licuiic ulrtji fomiLii in tbr iiiuimfhrtii™ of *t«d. Over 
toil* uf this *hi|; arr being H unified annually fit the nt«?l 
work* for wunl of any present dt-numd. 

Superphosphate nwnnw is tutmnfactuitiil in India from rock- 
phosphate (imported fntm Jlofoceo ond Honda) and bone-meal 

tii tin* extent of xoiimj SO,oOd touii jx-r a.mi- Tho corwumptiw 

»f die in ieed ferttHiwni, however, i* utoidily rising and ft demand 
fur several hundred thousand tuns -i aiiptirpbt»phaw u* well as 
ammonium dil|M« (H*r yuw iis likely t« materia I l» in ft few years 
lor agricultural uccdH. 

Pyrile 

pvrite is a initmmlofwry widedlutrihiithin in malty formations, 
fro in the ah test crytuiUItne ruck?' to tln> youngosi Bodhinaiia, but 
now hiw is it wffirkfilh abundant to In- of commercial utility in 
l hr prepare linn of -iilpliur mul sulphuric acid, The oooiiomtc 
value of fiyrile* lit— In its being « oraircp uf sulphur and not as an 
i.tv of iron. laa-iuiii* the high proportion of sulphur in it is injur* 
inns t<* tin* iron. The occurrence* on ft»y winairftfrnble settle an? 
tht**k' uf the pyritoiM sJutlrH depots Intaly found in l he lower !^»u 
volley, Hi liar; in t’idfaldrug dMrirt uf Mysore, a deposit new 
SntiUi, anil 11n’ pyritu'M •.-•ml and shale of tho isfum coal Holds and 
t-hr Soil-tUtige c.iillieUL" ot W L'uujiih. So iillfinpt Wft« made 
to develop till* Hrtmmtal sulphur (rant tbuM* depend la because uf 
tin* clii*)*jiiu*'H >f imported iHilpliut, With sport nuppLiis; of foreign 
sulphur, tin* uianwfiwlOit' uTettlphur from pyrites mid natural Sul- 
pluiUvs such as gypwirii mid aoditml sulphide. is being considered. 
Large jituf'-s of sulphur «'xiM In con ift’>* I ion with mctjUlii: sulphide*, 
notaidy of iron, r.iui*, C»p|W’i -Uid lend, uhivh. If they cim iw worked 
in iridia fi*i the tv.mvary of Om aictiil*. will libcniU* the sulphur on 
well iu large iiiuoiint*. 

1 ^i+NPfiiiJp vj L 1 and t- 3To. -> k 
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hare Mineral* 

The rare mineral* of India Thf p-uouarim vtipA u] 1 ji r. i r\ r.i] 
lim riK‘kH i>l I inliik i'4 aiiiiin u frw of ivlmt >lu » , 1 1 n ■. L the nut* 
iiti t"ir‘Lii Ik lis their um-usmotv cmi hE m 1 1in 1 i-: The turn clement* eon 
taldbct ill Nu'iii time found \\twy iii modem industries such as 

munO ]jNjiiiiP'j4:Min % . high ymdr lilf icinritw. tin iB-uHifc ■■ 111 ro tif 
r trail h alloy > i h ml other product b, I highly ■ j'i 

m I feirr pi -s mwu i I i hiy i iidi I 4 t rii-n } 

Tin- iiiimI common of 1hr-*c iin h wolfram* Ihmv L p pitchblende 
and which hiivp 1 h■* ■ i ■ already den 1 1 ivilh , eo htm hite anr] 

fnnUiliU* fuiobntc* ilmiJ hiiiiiifivt.C' of J hi mm irjirtlife l. <h ip-Th niitf, 
hatchcl tolile, dhinilf nnrl J riphh-, ulmdi occtjr in \ Ur rtdrai- 
jis ^iti.ifilt'r, tifCIayn, Hri/Jirilhjigji. NYilnrt' mid m jmib of Mysore, 
TfiiVaiictuv and TU][iiitumi : *UitUMif skill* ami olht r idlicd mm min 
tm3<. wIiIltIl occur it ]*n in tiiMta a reins ; jzndniiirfte (n hilircili' of I ho 
yttrium earths j, which in found in n toLinmihntojicjiinal.iir a>*n- 
ciutcd with cmsHileriU 1 in Pii] unpin and inofvT* hm in- whnrJi Fh 
found in the crystalline mekd of flihutw Xujfpur, lupihnmi 
AKLtiHrv . Murium iiEiif in I he ^nite-pcgmiktlN' of fcaj 

ptituna and of Tiaviitumh^ Another ran inun-rrhl. Lliurhiniie. 
ha# h&Gto found hi TnivuLirnre ami Tr-vliin. enimtiniritf from 130 80 
per cent of thorns .md n conjHidcmfolr amount of unirmim i Id ltd 
[wr mm i,l) nnil helium. Allan it e occurs in tlim paginal ife* of XeJ- 
tom T with Hip_vlho, ,i lEiohnti' of orliium ujtIj other mre r .nr ihs. 

Zimin ip found with iHiiideleyitc n^itliuri grain* in ihm nih- 
mUiiI^ ,l t l large Jtinoimmid lew OGiiimutilv vril h iihtuiuni inineml^ 
nnd with h'Ljiliii 1 in tlo tiihji iiuni^ of (inyii and .n the nrrplH-IInc 
^yiMiilf^ of Coimbtoit^ fVrtcililc in u MiihiHietivii vuriutj I'oiiihI 
hi K4 >lco of t hette locftiii irs. 

Plntillllin iiiid. irfflinaj orcltr/m r:i rt i rjonnslh urn Is of the jiutjfhruiw 
^rivals of some |uirte of Burma. 

Kuh or KaJar 

The origin of rd* saJ is— fhk U**ir t xir AViftir nn? rhr ventncnfrir 
nnmo of a *iitnc eftlorM^Dticr ISompO^I «f i mi.ititre of anditrtii 
oarbonarr. nidphato nnd I'lilnfido. tojjt tlurr with varying pmpof- 

tinrifr of citlcinm and rna^ni-ipum funiid on llu Kiirfmv u-f 

alluvial &ty\b* in iho drier dintrietn of thf llanfi*£lc At J he 

pnejuMit dfty Hr A is not nn iM'onoitor- pndurt, hut il t# ds-jw-rilMptl 

hum boOaiwu uf itw negnrne vkHnux np intch. S m* ^*iU are -■> 

1 and VV-.inn.iji. MiMmfrfif itf ftvrr* Af-rtmi*. Ilt|^ ti m , iZndriU, 


im 
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juui'ti impwgnirtfli m *» ]ls tknL 1,w ’ v . .T 1 ' ' 

unfit for null iviiiicin. I 4 W 1 l,l “ lK ,,f H "’ "' ,,h,ry ‘ 

Hu> northern part* of OtUr iViKk-ob. Funjth oud JUjpuUlW, 
unit? fertile n„!l fmpUious. are though iU i|»nqr 
cultivation ami mad* quite dwUU‘. The wuk nf llu* impreg¬ 
nation i>f tf» salts in Uni -«i ««■* f tlwt tbp fivenulwiin 

iJ thr mountain* carry with thorn a certain proportion nf olwmii- 
.J,, jiwmivwl matter. Inside* Hint hold In mechanical *n*pri»«an. 

StEfeST Tin' -nil.. „ oklrf, .„ 

caiinurn arid magnesium and fhrfr -**•“?* rtSriST 

quantity of sodium chloride, etc, in ptuirw-tnwk of tbo n*m-. 

tb<*» wit* find t Indr wuv. by powoktnw. tata . 

ating *t iip U. a «rUin level. In many fwrt* of *1^hot *Ilw. ml 
plains, which have gpt no imdergruiiii.l drainage ^ ^ J 
iiag»onacwmula.iii*«n.linca^ 

fi.murnr new romhiflatlniis by interaction U't™ pn>Y»t«g 
existing sab* IWft wd«r. r*«wtatinB downwards, '■M*'*" 
uiiipd soluble .If th.w «*!t« «ul bring* 'bum buck tn the *nrfii<w 
during the iwniwr month* by capillary action, where they term 
i, white dBgtr**Wit end The reclaiming of these barren iflfor 
lands into eukivahb noils by the twnovid at these wilts wcmlfi add 
millions of acre* to the agricultural aw* of India. and hrmg ho^ 
under eulifyatiun whwl are now altogether sterile mwhn mtrt 

' i " n VvnrbamtoM 90 &N(gl r,r * odJum ’ tKfl '«*¥“^tncriitf. ' i 
were formerly of <ome tuto ** a wmrte of salt* <’1 fdknlis, 
and were tm*lu«*L in Hum- quantity for local Industry, Iheir 
production on an industrial scale for utilisation in thc^pandmg 
chemical MMtrtwaf tile country i* being explored. (Set [». .* 13.) 

Salt 

Sources of aalU Se.vwater. Brine-wells-There aw three source* 
of product ion of thliuwfot material in JinUa: ill sea-water, idong 
the coast* of the i*teniit»n1ii: <3} brim-spring.- well* and “K/'ake* 
of some arid tract*, iu- uf Rejputemt and tTttar I’wlesh; (3) 
rock-salt deposit* (onlflinwl in 1 “U-h. Slandi Male, the Salt’ 
Kaoee and in the Kolnn region. The **«*»• *nnunl protection 
of salt from these sources is ml heruvcr two million tom*, t he whole 
of wliirh is consumed in tlm tuviintry. The timt is the niiwt pro- 

* ftrt*. ti.S.f vriF, llTl'h i pTr/. ^ _ fc , Kib*f 
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ductivp and nn everlasting nnufct-, wlndl oOBtribuli^i about 
j,or oent of thr salt cumnmrd in India, The nwiufiirturv k 
aimed on at soinc places ft long thoeoJisl* n[ IbunbHy mid Mud raw 
I Ik l | j 101 toss bn isLf in tin ■ mo la r r-v a p* a r i ■ i 1 i *0 r »i the ^t-n - w u I e r r ur] l raia i 
in artificial |>oolw or uaUiml lap-ion*. \ *o||d |am of '-ati n-siihn, 
which ifc after wauls refined by mcry-dn I lUntion. (.^MGeiitrHtn ! 
from brine epiirig^ mid wd!* k f^rriivi oh iit various putt* -•! 
Uttar Pmcfesh, Hitinr; IXilbi, Agm the fid hi of the [mjuu, CuU’h 
tirul in Eajpatniui. 'ITjc princrEml ifourtfe nil wall in the 
ehlmkkI province are the solt'kltes n| Snmhjim- in .hiijnir, 1 I Mil* 
wiuia and Ph tiled a in Jodhpnr. and Lonkara-Siii in Bikaner 
The anlmity of the take* in this area of internal dralltag* w*a for 
long » matter nf (unjedtuffe Mrt the kratigatirm* of Holland 
and Christie 5 have MttfttiBnvvIy shown that the wait i* brought ae 
line dust by the south-west monaonti frmii tlit* Hunt) of f nidi and 
from the seu*oon: 9 ts + and i* diri|ip*d in the interior nt B&jpiiliauu 
when I he velocity of the wind* pairing over it kin dor rented. 

Hock-salt mines The rock-*nlt dojKirittt of VV PukhstJiii -d;^ 1 
eui tat note an Immcnee wiiinie of pure eiystdliae^i oodhim chloride* 
At Kfiewra. in the Jhehim district, two btd* of rnck-*nlt -WO feet 
thick are worked: they rutiiafo five- seam* of pun- mi it totalling 
S7ri foot, Intercalated with only a few rairthy or impure layer* unlit 
for dimes oofuuimptwm* The horizontal rntteiinion of thane or 
lenLicka is not known defimtdv. hot it i-h t (anight to In- f’-uiiir mil-eri. 
Smaller Hilton inns a nr: riuutted nt *onie other plin-e* nkrng the 
SsU-Range, A salt deposit of even gmiter wrttail extent than 
Hint rnnktsA nt Khewm w kid ban b> the den mbi t E- m -d mt 
ttutidine in the Kehut district* mirth of tlitf Sali-Riiiig*. 
Hem the salt is taken out by open quarrying in the MfcU-heds at 
the centra of the antidine near Bahadur Khel. The th identic of 
the beds ij> 1000 and tbflir Jateml extent S talk*. Die wdt b 
nearly pure CfystaUked sodium chloridf, with n dihliiiet greyish 
Lint owing to slight biiununoue ndmixlnm, Sdl-beda of von- 
MtoAtte ^ t»™r in Mwidi Stare, whik ^>mi- mflBonn of nim 
of pure rudc-gnlt, pfodueed by evu)Kuntinn nf *u-witer hi emsb^l 
hasins, occur ernboddivi in ihf? wiiidi? of thr K*Htlof( Utdl uni iil 

the afJuviul biNtct fetfDtlN9Mt of S-nd, 

'fill? average atnuin1 amount nf iwoh-wft u-tt meted from the 
n.ii,. :* In Ult. Suit IUn«.‘ wnd KoSml -Imh.I ftlO.Wi Ui». J I® 

■ U. )!. i)«inj.:inr, j'd.m. /'«< f»«N. v«L vm. * S. «•** 
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\Imnli Wit mit.ru oifljr pmdwe ««» W" tot.« TJw 

ioid imtUmnent «r wit, damwtJo and industrial "Mj' 

roughly ..to** l*' r >™ r ‘ iiT mH b f 

, I0U.4XH) tom; brfnw and Raipwtan* foho ! 1 '■ 

r. w k-*dl,200,flfl0Intu»; UimMoitbnbtfirttby import*- hi H» 
i t „«. tn-urafucUm-il 2,i»(WlOO tom of *dt. 

Other Sills—Tin' Siiil &ingo <jepowto oot>toiWi jf^?gg 
chloride, to nw with uf mm-m^iinn and pote^nmi. 1,1 
-aha an of ttipiirtniL,-f Tor their uw agricultures *ml f™* 
industries. Niimrroi* "•am* of potash-hewing ■««* l J 011 ' 
toidog k potassium pwtotita|pe from 6 to H per wfl^* 

«t«~ have h« o found, generally mfa- 

tying ihf layer* uf n*l WTthy suit {ivi/xir). 

Saltpetre or Nitre (Potassium Nitrate) 1 

jiulm. priui’i|inlly tlu* province uf Whir, wd to export tM« 
compound in very large mnormt,i lefiuu the mtiwiuotom ut urti 
hu-kllv fw*Trufa ritninwl nitrate, find emn't.it.uted u very r],l l Kt * 
^iuni* »f ah mi tv to Europe anti lie* Tnii^l Slate* 

Mode of acciirrenca of nitre Sail H re U * i»t..ml V^iua 
formed in the *>U of the *Uwtal dutrosta by tmturul pro«tw*s 
imihir tba nocutinr conditions of dimate previihng w i»*-’ 1 ’’ 
triau. Tho thickly f»|>nliited agricultural provinn n m., 
with its ailonMUdy warm pd humid climate. *£_ 

favourable oindltione for the ... «d f, us hi 

•iuitsuJl. Thu targe quantities of animat ami Vt^\eh\u retew 
god^rid round the aprfmdtond villugw of Killin'wc 
into diumomu uml other nitrogauatai sulwtiiuw. are acted 

u hun by certain kind* uf liftetcna teustefiu) W tlm ( Ain] 

but'ratte*. with m rou.lt th,t Httlrst nitam* ami then mtriu 

acid is produced in site soil. ’&***& . U1 ! -" 1 ' - v “I"' 11 ,}l<J 

of potaSKilim with which tlu- «'ii of tit* vilil^ * iMVW 

„aUd on account of the largo qu*tttta of «<wd uml .lung iwliw 
constantly being heaped hy villftgcoi aromtd their h*htt*ij*“* 
The nitrate »t patawfcm thus produced w cBwtdved hy »»•»»“ 
„ul m the suhaoil. from which the wll 

t „ the Hurtecc by cftp.ttury uction in the i-nral »i il^ircution 
following the ruins wwnhi i . hargo qiuwtilh v "f lU " ‘| J:1 
lnJt Hr w huIIuc HUttfMwmiso on the surface of the hh! aurng » « ' 

■ Im. lUtiiJj* ««l KMnmMan m tmlm, llMoo 

A h "hi^tiuJdf Psj*rlit>pfii tef Infiu* 
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yOim other *\u$l it' chloride of sodiiim and tmrbniuifo of 

aodfunu 

Its production VU u efTfurc^tonc^ in cuflccrted faun iV -mm), 
Itaiviutml find evaporated. mid the nitre nepo-ratad h\ fractional 
irrYstalbi^iiioin It in thru sent 14 ? tlw wBoOPriw for further pun- 
tlmtim In pun t vce&ft Bihar nfon« us^tl to produce more than 
90 P QOQ ton« of nitre per year. The present aggregate report of 
refined nitre fttim Btfun Punjab* Sted and other part* of linfin 
hardly amounts to 10,000 urna* 

U s ^ 5 _Thr- chief lw for nitre or ualtpcUi* wiwin (die inimuftoliirr 
of gunpowder mid incpIflMjv?^, Indore tin- diawvertfis ot imidrm 
r be in in try brought into ti*e other eoihpflunds lor tfaftse jturpnmL 
Xitrr iw * inpluyed in the rruunrfoeturt of tfufpfaurlr acid ami u* im 
ox ii liner m miimanniA dirrmiojil pmces* 1 *, A *uborrfitia1i' nms of 
nil re in linlhi in iik umnurr for the **dL 

Steatite 

Mode of Origin of steatite—nmnM>r impure, i d is 
pui to j! iiiei ii 1 H_ k r i'i minor u^es-. From il#f ituitH'iik uniform to^tiirf 
and wopv font. eF c^illrd Ii ■' fl ^ ;j known Jw |»"t- 

atona from it# Im'iu*: earned into platen, IwwU, Hr Steatite 
i# of wide wtTiiiTen&i* in India forming In rjjiv fo dir Ardh 

uoiiii and iMwrwnr rock* of the- IVninnuhi mid Burma* woTkaldi' 
drpOHnH oixriir in fUhar* Jabalpur, Salimi, Idur arid Jaipur tUaJ* 
puimiAj. The RrtjpitaSUI depn^ii* «aprT tin- iiiinrtrd in *hick 
lemionlrti berUnf witfo extent, in the nrld-r - Sornr of ihew (ml* 
jwrHi«i for miles* At niiwt of flirsr plmMs* ultra (jtf* ^ quarried in 
ou nak ir m I do quantities for eouiTnert:! a J f m fj k Wrt. I n i ta grt d 11 ^ i 1 L I 
fnlntiomi. steatite often associated with ifolimufo la* in Jobjilpior) 
and i.it her magnesian ruck*, and it <* pmiwihJe that it in derived 
from 1 hese (Yicksf by motiunnrphks ptmiieOHe* faulting in Flu,* <30 jv 
vcraiim of idle magnesium carbcmaU info the livihvit^l ftiltojili 
In other cosd? it h the final fitnduct nf the alt^rmifin >d dtradHi^k? 
and hftiie eruptive nxto. At Jnbalpur i«d <-thi-r plw^ it 
carved into buwlfi. plates and ^ it ih elwi n^d in ^mp-tnoknii!. 
toilet ^^vik r. pimiir in pwt^tei in the inrUistry, itnd mi m 

refrantory JrttlwilAiim in making jt'l- for gro-bufiiiiiw, Tte --wtffltaiTu* 
juiri aTnn nf lute corns into uw i^ a typ ol refm tnrv. 

n^Uint to iHirrtttive -dn^ nnd m- » pmiO higii ipiabty lor 
protecting ^tc«L The rOMfvts of goud quality ntcislik' in Jaipur 


gOij OKOLO0Y OK ISO! A 

nlvl jAbnlnur are believed to bo Urge, Th«- •uimml productk*. M 
prnmint i* ..ions*, with a value <d IM4 P- l & lnis ' 

Sulphur 

Sulphur in small quantities is obtainable <** » *uibtittiafcbni pro- 
<lm'l Firiiii Hu 1 -.ruler of Barren Uland volcano, Ahb frrmi Home (if 
r'xtifj.'t lolmniX'S .if W*t«m Baludiiatati, .ml «'/« formerly 
w «,rkrJ at Smini 1 In the Krdut Slot- ami .n| Koh-l-RnUan. A 
t ,. sl , f v « of about Sftfi , 'Wit tons «i*t* at tlww h>■ »IH'*?# Ainnv of 

tlii> sulphur springs precipitate some -piiion'tli-w uf fin. 1 fkiwrlsry 
sulphur near tJMSir out low. Swfpbur u« nr* m rht PpB» v *^ rjf 
I^ulukli, It, i* fimud there both os » dvl*u»it- From it# but spring* 
and uls<* ** fill ini: up lissom# in quartz-adult lo 
Thcso noun*# arc, however, too inmlgulflwot to IIUH " 1 'hr iw- 
MHU h 1 for sulphur in the country which « *tbSwi targoU by itn* 
tuuts from foreign countries, The*" now amount to Irmw 

u your- The utilisation of gypsum, pyrin.* and other natural 
sulphates and sulphide ns a wwm of sulphur is yet in the raped, 
menial stage; on.) the derivation of sulphur from tin* routing <«f 
sulphide ora uf oapper, lead nntl aim has not, prove* I fuMiblc «> 
far. beoatiM of lack of Abundant* of workable »n> in Lhv country. 

I lie rjniuil.it v of Hulphurn add usrti annually ill India is iih.ouu 
Lous, which ifl just one per ft-nt of the quantity canu'iiDod in the 
I’nileJ States in their fertiliser, pcfroimim-retiumg, chemical and 
tuetalhirKicat Industries. 

Sulphuric add Sulphur W- many important i»h:s much tin* 
most important being the manufacture uf sulphuric acid. VS ilh 
regard to this compound we may quota tli" following valuable 
Huitcim nl which was made in I It Ifl by Sir I’homn^ Holland, Hut 
which in maternity true to-day 14 Sulphuric add it n key tn 
most oliemicul find many uintallltlgic-nl industries it 1s f*i~i-ntial 
forthe ♦i iiMinf hatum of super] .honphutta, iht- purification id mineral 
oils, and the productinn of ammonium nidphate, various arid.- 
ami « boat of minor product*; it is a Iteatmuy link in the . hain 
of operations involved in the manufacture of alkali* , with which 
are bound Bp the Industries of making soap. gl«s-. fMifw j r. oils, 
dves, atiil colouring matter; and. tut a by-produ- l it permit 1 - thi; 
remunerative smelting - fores which it would hr imp «.si hie other ■ 
wise to devchip. During the last hundred yeMB tt» reel of a ton 
of Mulpliurii' acid in Kngliuut ha* h.-cn reduced from ovt'f £3d & u 
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under £2. mid it it* in oiuKrtifjiieriOQ of the attendant revolution in 
Europe of fhi-iti i ml tmluitrii^ ajifed hy inr-rinH^-H fkrilitns for 
tmi#port, that in India flic* manufacture- nf uliini, copperiks, hfuo 
vitriol mill nlkuli- have htvn «dl bill exterruiiuifcd; that the 
export 1 riiflc in niirt Iihh }»^n mlurorl instead of derelopei l, rhar 
ttm copper ami wv«rnl ntlmr metal* an? no longer smaltod, Hint 
tin? country it* rnlO wn 3 evrry ynjir of n-vrr WUM)n tons nf ph-^pli no 
fcrtitiserH,. and thM it i* 'iimpollcd to pay nyor ^million* sterling 
for pwluDbi i thl itiueil in KiirofHn from riiinvruU fderit.kal with 
those lying idle rn India ' 1 

The firesenl imparity nf the country for tlir mnnnfrtoture of 
-mlphurio mild froiii native sulphur [import*-h is about nm.ouo 
ton# per y ear, 

ft SOILS 

Soil formation —Thr Bolts of ail eomitrira are. humanly speaking, 
the most valuable part of the regolith or surface rooks ami con¬ 
stitute in many cam*? their greatest natural wmt. They ate. 
broadly spooking, either the altered residue of die underlying 
rock% after the soluble constituents have been removed, mingled 
with some projwrtion of decomposed organic matter fnerfidwni 
mil); or the hoi I-cap may lie duo m the deposition of dtuml 
rlehd» brought down |>y the rivera from the higher grounds (drift 
mil). Tho origin unit growth of so tiff H however* is a subject of 
garni complexity involving a long mum of changes curling tri the 
production of the day-factor and other colloids of the mb* The 
(foil of the tV'innsida. for the grater jinrt. is nf the first description, 
while the great alluvial mantle of North India, constituting the 
Uirgeai part of the most fertile soil of India, iff of tin- second cIor.*, 
We c&n sadly imagine lhat in the production of suits of The first 
kind. bc#idcA the usual meteoric agencies, the peculiar iniimwmir 
ciinditiciuhi of India, giving rise to alternating humidit y ami defe¬ 
cation, muiFt have had i large diare, These midual of the 
Peninsula «huw a great variety both in their texture and in their 
tninertiLogical compo&itjDn, according to the inti lire nf the sub- 
\fleent rock whose wa*tc \iAp given rise to them. They Jilsp efchibii 
t% great do#] of variation lei depth. condsttincy. colour, * J<\ How¬ 
ever, the soils of In ilia. «htn far us rhoir geological pewfiarities are 
0111100 rued t shun fur tesa regieiuil variation ihm m other 
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cmmtThm. bfi'AiiM' uf the want nf variety m (ho pmhigkwl f.irnifi* 

tli mi* uf India. 1 i tr . 

It madly iking tin- noils "I thn Ir*i4i«n S niin-nf.i differ murk- 
rtj|y ffiiii. the Mills of fCumpcan oountrin-. which =m largely nf 
filacinl B rnwth mu) In which the j^logptttc proce^.v. have 
not Im'i'd in ujawation Toni: enough to mature ituuii. I he hitter 
mill# have i-lcwo nfltaitic* with their rooky hufattalmn. holtl «e 
n- 41 . 1 M h- foinjKMi turn and nn .rphology, i>IsuIniHt ion i" •> «* u*urn ui 
character .if I hone *<iil». ftl both those respect* the «iii» of I v n* 
in.Hu k r t mi in offer a confront and. being fi»r older than flit) tlliidnl 
Period of Deirttoeenc age. have attained full mat uri tv The Hle.'t 
of lliero factum in to introduce many dtpoges in the eninjxwitkm, 
tfTUcrttm* ami texture. and to modify profoundly the day-factor 
of the soils. This w Ix-fct seen in the two charm Icrimii Indian 
no iki -In frrite ami bfodc -cot ton soil. I’' h1<o1h ex cvj U art tut ig « <» ■" i 
mountain and forest soils of Xortli India, an* uncommon it) the 
Mat of tbe country . Tin- alluvial soil* of the vast La J ailid i ui i it■<* 
plains likewise differ from iVimnsuhir sulk unci from the majority 
u! Kurowan stills, in havin g itmlergmie hiiLiitt h -tt-uk 

f ion since their ti e tn>sith7ir¥v river agonn *> li tre as ins.uh Iteran t, 
times. They nreul ill’ lui^i ly immature ami have not developed 
7 o v ~iTfj urac t er is: I i c *< >i I pruri h -. or differentiation into zoin- 

The soils of South India -Over I he large ureas of ujetamorpUle 
rocks (in- disintegration of the and schist* lias yielded n 

duilloH windy or stony anil, whereas that, due to the decomposition 
of the Wuiltaofthe Ibrocon, in the tow lying parts of the country, 
j* a I light v argil lu ire-nun. du rk Ion 1 n y soil, 1 fhw.ani I «r?n tains, I >c* I < ten 
the ordinary ipgredientH of nrahln soik snieill quantities «»f the 
euthumiti-s uf cali-inni and magnesium, patoafc, fogether with 
trace* of plumfiliates, ingnafimta which constitute the chief 
niateri.il nf plant -fond t hat is absorbed: bv t heir routs The I tectum 
,uil 1 lu-refurc. imidi more fertile* us a rule than that yielded 
from tiro molamorphic rocks, which is thin and shallow in general 
(except where it lu»* accuuraUted in the ntiley-baeinal, liecauae 
of the slowness with which the gpefeaea nml schists weather. 
The soil in tiro valleys is good, tieoftus* the rain moves the decotP* 
pusud ruck, part ides and gathers them in the hollows. In these 
Tiitnaticuw of tin* myntallirm tract the noils lire rich clay-loam* of 
gn a t pro. lad i von ess. 

1 Tim itmhmirtil Poitntlaiiull* nf 1 lie Suit* '>r If nf in, Kff.ttjtiwINll, tsviii. JO, 1, 

IM4. 
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Saite of aeiJinientary rocks The soils yielded Iiy tho wt-jilhariiijE 
■ ■[ the limen tary nick* depend njKjn the comport inn of i,tie 
I tit tar; wjirt her Hlry fve nrgilhu arrmo^HiH or cii Ira moil a, mirl 

u\Hru i heir impurities, SihJh rapping T?if < huidivum outcrops nre 
in gtiiiemJ fx h ir and mNilp, beenu^! I imidwiirui rockft iito (joaraj 
aiifl irrilft with bid littkj evnmitlng jrmtcTi.nl. Tby 
*irn 1 lirn iiimS . Mil*, rupahlt* of t-qppirtiiig riJJiign only with 
i>h[ar<iNN miniiiririg, Argilhn-eon* and impure culimrvpu^ motto 
jittM itrjibk A(i)b ftefcteni’e must lim* lie made to t.fir 

WMkrtaW® Wftdc bo£J* id rejpjtr, of larpy arese- r*r 1 hr I h-er lei whrrii 
bit* 1 a I ready liiN r ii ileni-ribed nn paer- 4nJi, Hie grvnter purt* nf 
Knjpufunri, Ibihii-lii^uui am! the trait tier Ptnvincoi? nredevoid of 
*uih*. Iw.-ivmse tin* rnnilitiim* rntjutoitr far tho gruwf.Ii nf soil* am 
iiltogr-ttar nlw-ril rhw. The place ni *uif in. taken bv another 
fen tit nf rebuilt It* e ( |/, wfd^iprfad snrre nnd ratUff-slop&ftj. rnJJnvrw! 
gravt'b*. blown -stud a nr! Fn t bt v Himafaytin region qnd 

fertnntifiii i» n rmnpairm \vt-h rapid prince**, t ha ffatiip evergreen 
fores I.’, phi;, ingim impo-tanl part in the gepomtiim mid eonservn- 
ibh nf f lpe -Mil-rap. ("hr niifnn^kMj sotttbmi *Inj*«s nf Mwse 
ftinmitaiiiKjimiieimmlty fk-vnid of soil envers. [ikon Wf? defoivHtn- 

linn h 1 ^prm- Era eta nf T lie outer Hinialiva* luv I kw foIJnn^J by 
a stripping nf thrir anit-covor* dua to nooelerHted region nf tin* 
mipmtafllecl 

AUttVill saite — Tliy < dirti~ird nnrb nf the gram plains nf Nort h 
India. ijtg alao Idnmc nf the timarl biwinH nf the IVmiwnlftr river s, 
are i tf f lif givat est vihiim nj^.pdtiiriillv , They ahnw minor ■rTmir 
liiona in den.-nTy, fnlmir, tcxhinr^ ^nrositv- ami rrjnaiinn^ iXFriTf iit 
mid in the fnfnpwtrtrm nf tlirir claydwtrjr^ In ^pih- of niiijnr 
differences in rnmpoffition fmm diatrict to diErtrlnt. m pTOCiral ihvy 
an- light -mloijn-rl it mny wi »i 1- nf a high rfrgrrfr >»f f ittm:!i if-tr Vf-Tnw-^ 

except whpm it laTtcatTO^nal hy the injnrrm^ m/. snH>. Tho Jnc«» 

nape of thn higher parto of tho Punjab pnw«t-s.s rj]iin> -ii t hr i jinilit 
of an ex t til lent soil bill fhn high pomspN ttnijj 4 p> Inwir th n iiiMfer- 
gmimtl M uter tubju to iaact^slble depths. There iin-, lirmrvcr n 
1 Wit hin ttui i^nI fkrw .vinm ritutltkiin 1i«* i#?H fflnrtlrfy ilni#u Im (Jk- inmwUtf 

^Frrlir.y--I |i(Uft*■ h : f ||«r Jf^hliirpiiT ■ Fpf ih~ Pimirtlf, t\lr iMrlJa«'4|*j 

*ti i hi RHiidn i'wbi riomh^rn <l fcl wrr fc ttM' ->f iIpi wrtfpr uiMp m,.J th# 

inailljiiip: iirhl p-ffinldif 1 rnr'lJi that »'m ! H EluT-* «>r r<Mt nira h rovt*r 

mjiil-f ip inirlllr «Pl!-.’( 5 ifi. HitW' |i» n.f lUlnprlinu III 

hifWMU ivhk-h «wrf . Jailh-'it tJiai ?Wwuhh ftwit liilln, Miupikr rifftsu Udv* 
trfrtirmt Jik iltjhir Mtih J1 k11r l■ I k 1 4 1• ilinlrh'E» rtll^p nltll riTH 1 Ul l!.r kmpi-ftnnl 

ph p Vr^l b» r>rf in th^ rlmiNlrU km h>’ tsala, fch nTnilflim+r Upp- 

fun off; in WlArirvmjhg tls* auh mn\ Wulrr ihkI ill and pcriHurting Ih# #nU- 

L'rlpJciiJII k4' UnJ cilaa'I iin JUKltl. 
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number of phvaicttl and offline fbctom which dctennhm the 
Aw *ti"r« and pccufttritim oMs nod their fertility or ntiwrwiw. 
tlun. *iib|nnt tit, IwJwevttr, beyond the siMtpe of this hnnk and cannot 
he diattuKsfd further.* 

THE MAIN SOIL OltOOPS OF INDIA 

On the wVK iV priQt'i|!!il elm meters of the noun "oil ff™! 1 * ,l[ 
[ W U* lir u ^m'rnllv dodurabfc from Hit nature of their geological 
iMumlniiwi. Tins in woM oelubUshed m the tm*xi*tlvn and p«nr«* of 
■mli well -marked group* a* hlarli anil*. hd ^liln, luUmtfo auits, no Jinn 
limn in the wmstAntlyoliiiigiiig [WttdiyiwIlBufliw Himalaya matmujos, 

whrn- ■ lining?* in tin- tftuUtthat tin tore of Uw auMrotum nro ns#e«l«l 
in the wmjHiaitkoil, -it-plli and proftlw of iht-ir nod-caps 

ft.il Sofa —Tliiai wiinpMhojoiivc term design**** the largest -ml 
^itui of India, comprising several minor types. They vnvi-r tin 
Aftliujiin inu:ut of FwiinFiikr Ithlni, frein Blifiilultliuiil I*j lln- 
ertromc *rnth, on ann ..l tfW.OGG jhj. mlhH ■mUnsetng #oui.h Ih:«H»d f 
Orissa, part* «1 Madhya Blunt and Madhya fW™h. eust HpinM 
.uni and tin- major purl of Madia*. 

TV ptwil rockx are arid liwuiitee and pnww, niiartzitic and 
fokfwithic, with only subordinate ropk-l ypu* rich in iron and magnesium- 
1 sen nop miimfnlH. Ako the ancient sedimentary sunn Intone* ami rlay* 
of the fhidUapah and Viudbyan «yst#ma have roiili-ibutc'i secondarily 
to tSir- formation of the r«l soil* Tin . »l«ur of Uk-w soil* bgirmnilly 
r»Hl. often grading ini'- brown, idiocKilute. vid low. grey, or even blank, 
IV rod (loiiisur 1* due rni.m to tbr wide 'lifFuniiiti ratlior than i- a high 
iK-rtt-ntapi: of Ihe iron benfont Many of the sra-raJIvl “red -(libi <>f 
(South India haveno red colour <tu the other hand, - r 'iiie n d-mli Hired 
soils arc of quite dSiiWit ttimtltulian, tN-ing ilrrivwl imm the »tirfaia? 
rapping of latcritiawl meki* Tlufc an- genetically tpiitr dcatincl from 
the tnn- soil*, and are described in-low. TV red soils formed 
on linn stone [errsinn art* also quil*- different: they form the residin' 
kft after dia-ailution of tin- bulk -if the roi-k. > ■■ 11 * - tnjvy and wuidv 
impurities. 

A number of mbnrdtiiato group* aivt typo- rotno tinder the genera! 
dmigiuitian id red *oil*. fVdit.hiiui nf free or n-urM-ti drainage 
determine m hrrlirr -mils lenclnd out form a mwi*' ofuPoumuUtuitj in the 
soil prof ill-. Mh>> riilforrtitv- of tost on-, depth. |wtwiiy, Iwmun, and 
prww-nrt* or ahsteue of mkattNiti* m-pn-jjation* f AsufetO or lernigiBUti* 
layers (irw* /J'ls), or of ardnldr (Ka- imltu in the not I pmfile, disriri)nti«h 
theta- typo For osnntyle, them are ihr iipht enhnDfiii yrflow sandy 

1 T1 ■' pillow Llltf \wdtM 141 Ml* aluiilf ultHillr mu;. Iw- ■ njunllll-i <■. U 11- ihnumPI, 

-ii?W- Tk *' f Mri.ji n, t , -7,. t*Ut{■ ■'> ■ -.. / 'h. I - HV ! 1 ‘■» ■ \* f A - ■ s 1 V ^’4, 4 " > 

Tnpktf **r* t UniUm> Um; A N‘ i^ri Suit Se+rm*, Sank l":.l 
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-nili ul t|u< iln, »iuppe rirTMtft + t.lti- dry ami w*-i. upland .uni v alley soil** 
luifl tlirifp am iimia i pi grey luiiii-dusu'it^lum aniJn [xu-n&m} i-nrkiamg 
leeches iif non-salim* soil* 

In ifoiivraJ, lln 1 - rad wib flMivrKl from odd giiniitflefi arc |h i^r in lima, 
mugm-am, fdiotipJiatad, Jirid homing rafHtfinlly in the drier 

aivrL-% lull art; fairly rfoli itk pnta#h. In iheir chvmn-.d rgrtifn^titiriit rhey 
fin mainly dliwoua mul aluminium* with fm* spiiirl* a* mml; the- pet- 
railage nf ituo in. not high: tJlr nJkaJI ruUteut IB hlir P gMi|» part* lldug 
quite rLcJi in pautswum derive J from tin- murniimto ami L_hrs In H_Juj=«e uf 
tin* gneisses. li] rampfirirati with the l.itnrfc anils* rt*d unil* arc ,s-* n 
gmnp deficient in iron ►xidc^ limn, and pbcmphntic content. 

Tho ml *oi3 gmiip is, gvsnontlly leaking, cUiflckitt in it# cantont of 
wuliihi*' rxrlLung'uhh- hmnns, and tlmjr E-l^n-^-uxi H huu|pt vajuusity far 
K m Ch, etc. is gqnj*niUy luw_ 

Murk SaiU (/fryur)-- This is another largo group ui'wjilij of the Dvi- 
ciiii, including i»t’v<-riirilintinet sub-varie U &■ nuid typs. 11 m jv gniie m I 
temi applk-d la Uio large 1 L r nuip of black or dark fol!h common in rhr 
fkitabay Ihcoun Malum, Jtcmr, the wuaicm purl# of Mi id by a IVn-Jt-nJa 
jtml Hy< Lara had k ftijjarat and Kathiawar, with extension* to Madhya 
Bharat mid Ihindt-IUmnd. Isolated patdm* nf r* gar, though Jr-^ typi¬ 
cal, oLfitir iiisa in Kidfal* The mmi diaraot-irifUh- block sails cop tm 
volcanic plateau af Uu? JJoctau Tm|nt* farming * imuttlr of rich ra#idiud 
wall of no great ihickruv* nr depth nf profile. But I ho aura nf bWk 
Ml is by no means in.iti termi nans with tW liannHarr of the Ifrcran 
Trap formation* and a wide eitonf of thii *uil i* fnanii mw th^ *nr- 
i-[iaiidijig gmnitir and ImwIo giitUAdy and or hit i^rmuilon-.. Vindhyao 
nr Cuddopali sandsturii^ jjh) hLhI-c-h. Them arc also lar^c i meu af 
traruporfod black mil. Tlif cuiitn: uf the |ireviit£ng dcriw hlnck colour 
nf t.hcw wails over i-iscrb a wkli» urei^ is nut jnt ilcfitiifrlv knnun; juirtty 
it may Vs 1 line to rrnn or to noma Tidnntc quantity of a litaniiim-iroR 
^impound, partly to .rarhnn am! an^tlfc nmtttr. Bui many hkok 
wlk contain wry Little orgnide itilwianoe-. 

Typicjil hkr:k mi\ t Uit 1 faniiiiar btaHtetton *&ii, is highly tin?iLIaffl*uai, 
witli a fnr^xi oliiy-fkctar, jKir cent or more, without gravel or L’oarw 
^d It is very tonacioue of moktws sod excitingly slinky when 
wi't. Owing to ooiiHideroIjir aanirmtim on drymgp Uirgn and dwip 
tmu ks art - fo rn ick I after t he moiitw >* m 'nic piny - factor r . ( r*g k ? r< m E ai ri ft 
W) | -»t eemt of silica, of alumina and 1," t >f feme u*i&\ an the a^mge, 
T|ii‘isnftvy hlur-k tmib of the rati an iliBtHrta uf flu jurat, lknu f dc,, 
dorivod froni thf Iwi-wlm, mv by raw-n of tjielr hydrology and dimeiic 
contlitionH. very aoitaLJ v fur cottOAi <■ uhit Jttkm, They aftr cliarucleriifc'd 
by a higli proportion of Unit* end tar^fiusitim rmThDiiairs (6-d eooth 
iron oxide |wr aont) awi fairly oorutant ahimuta (U* p«rr cent). 

IViEasli Ls variable (lo«? than H-5 per rent), and pbonphat^e, introg^n 

anil hurrm* w fnw a# a riife. An&« of rry kp mfv credited with hij?b 
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tWnlity «i(hh> ivii. r.-ijuir’ umuLirlm* fur litm- uhiimIk. hut fernm H|>l»wl 
r,iMl l>TuiltuU HI" H«t , |in«[ll1'LiVU. 

tiw l. it.,, 1 *i i 1 1 ii 11 ^ 1 1 I iljuu’il v ..( < 't#«r i. Inirly hitrb tlir»HJ?lu»lt «* 

prutilc n,i-i *>ito .in- fiiirlv wHI nipfillni willi ni.hu*. !•»- - w»l 

j, number of otmervum in India tmvr 4 mJM if. to *-j.. of *</’» 

tjitfnt" MtiLaktUvc SiUt-itium Mb <l" not &oo use* mKdtfiied 
pl^.n, ftj. Till' twi* fl1w‘Vu, Thuusli Irttcrito itMir I? ^inwthwif 

Of the iLfttiuv Ul n ...|[ervp, down Ujr dear padatiwi n.tx. «nhj* 

i i nt rtiirlt, the pi'tlt^i nic lmv< stqflpod abort bt-ynml * '•'Ttarn 

stojji.. mill llii' rviiiltJiiL; Jinuflli't, •» 'ti'-plv frrrtufiliMW tiiiiirjuii s ‘toy, 
l«rou» awl veareulftr, m nut u “>il Hy fjtrthrr •iiudilit'iitiiui 
m lkin "f hlnf^in and -will-f'iinnfng mi'-iiRim, lnUTtt>- « onnverkKl 
r^cnlmunl «dl witij 4 profile of I J ft .«iinetiiiii"* mow.rfdb- 

iiiu^riit-d luitii, ebarued "ill' Jejin'iiutwl IruJi nodol. * «nmntiimj* :ui 

jinn j.rtii- ITjougli tin liilniti'H n|p limy great ihivkiui^,( stmditif; 
(o luOft. irrrvi.il Sfmfit An mi# plateau rap*, loturHle i*»lto nis L unoidly 
Hi in. rarely laviqg n jiniHIr r if inrm) tlmn 2 !i ft. ftegfunsdly l ^"' 
tnienie soil grump farm* a It,>11 nf vnrial.to width round tins IViiinSiiht. 
.. . i piiirFi) wippiti# tftit hills 'Utd ptftiiwi of thr Deccan, 

Mtullvvit Hhnn>t, fimt HennaI ami r-Jitriufiiii! Lhroiifrli A»un Jlnmiw 
fmterit* Imhiiu Jaryrly n product ‘if imnirooni'* Tn/iori* n il ft tln*if 
ulLrmnlr ,lry mill mi .tot Condition*. Iwdimg mtiim in lhi-‘ 'fil* to 
oQtitph-t' 1 . with thr result I Imt they are denuded ofM<ikUss:i*dile hie* 1 * 
mill other iFTtrltotrij! nmsHtiietth*, giWiiu r>> tin- «*ll * «»«»“ “r !**» 

rmiriii-i ivirl rv.ilWn H.l* Si«>, *1,0, nil in to l„\. it. Inntdii bUlrftr. 
in fpir latml*? t'nTnhhitil SUL uLuH.^t (uiftJSv .kiiwiil. 

Itc' iniHi*’ nf ih* 1 liileiusii ( IcrtfJMnji ami [ hv low h&m -gcjcdiaBi^ arity, 
tviikui Irtirtitr sol I * i3i v Induiig in fertility ninl »a? r*f hill? 

valu(> friir prodiu‘Mi>ri But ti j ml m n^mJarT rtfenit^r* ItaVD 

jircnJin:mj fmr mi!■■: |; i> ■ uf tin- Bronliay IVttiki Iih* i- junjtiti ^ ■■sn-mL^ 
IKitanh, nitTHi^-u urn! phiNHfiliBlo |u B iijKrt| rultivatlf^. TJir 

ktmte«jh [kvetiipaj ms th? Minifiiii- uf |4aUinw’ uf Malu v Mnkhnr. 
Mu ills v:* Ehanit, Miidfiyn Ptudi^b f Uju 1-jwUhh Cf1iat* + hiU». 

Uii^a. Lind part* of and Bimi^ art H'liimfly jkkjt agricidUiiully. 

Thm is an t?x\i?w\v* liirTATiiA: on and htmiir soilfl. h*Ah 

Imlitui ami foretell it c«nnoi bo ^furS thni tin- rtsihjrd i iif th? 

of latorit^, or thr miU\tr uf Mir lab-rib 11 ll ^'- 

in yi-t Fully known P is ml mt\? of <^picilon finratl. 

AJk^ lmg _ 3 aib ’ R?h, Usaf. Ka lar Soils) 

Those an? HtlldEni^rt^atH, ur ulteMint ^ t {h whEidl form- an impart- 
ant, all k- if a Jir^winrlv intporUnt, gntnip in India ^-aln up rhn.ilririsr 
part* nf north Biimr, i-lt^r Pndmh r the Punjab nurl Ra|jmUiirt Um4 
Ui. mid iiJiinJ Li l> r iljnn^^uces There nrv y et m thew w.it* mmf 
imdpt'omjHjrtrtl rook ami mine-ml fragmenui, wlMi with wisfillimjif 
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sodium, naftgn™nm and G&teiiuu -*di.- mu] ftidpliuraiut acid. 
Sfiuh :««»- ftT* notably i]ii|KTvi(icLs and, tliciftifi have impeded drain* 
4 gr. nuc.r- fnrtllfr, have iKreoine imprcgfiAtud with the?w 

f*k\U* {r*h t hater}> drttmyinj: f.ln- apkidhirut valiir of ilm ground. 
Tilt: indls in* Confined tu the top layer* of tlm &jU* bring (nrnifcrmi 
rniisi below by cmpllkij action. Irrigation by nuW wilUt faeiltMUr- 
iliis irimfifyi', thim a fairly largo ox ten! of such Balfc^duirgixJ m >Hi hu* 
remitted tn the nimd-iriigucod uws ■ jf liho Ihmjnb uni eil«jwlittro withal) 
Ik’ h-t tMf» nr tlims df^-ades. Such I Laid a a-ro known a* i^vur or r.7i in 
lLi north, fcihit- in B\tn\ and choptm in Ervin buy. Tho a Modi oofitent 
im high mid Ihom w a Jnrgoexc^i of tn- eombrnait with pm. ru 
lh nitrogen ami orijank plant-frod ituLU^rjuJ. The *tdl» miwt summon 
to Lhc v Tch ground urn dodiuin CLtEljouuta and Kidphutcv toyctlu r with 
ruin mu ami nuignralum compounds, Tim redamiition of ti-snr lauds 
of thi- IfELlo-Chingrtn 1 plains would luhl nuHkw of acre* to the oulEi- 
valdr umi of North India, 

Tilt niUf \mprr#*\ultrt mil* of Bihnr nod Punjab Am a variant of the 
above, T in difTn-hinno bekig that thn mh (piUu^dum nit mi --i U iiitn> 
dncnJ i 31 1- ■ tfiu goD-aip from jUxA l- by Uio urtlvilieo of inno in rf> u^ly 
populated cultivated dktricto under « vum humid durante. 

Mountain and Forest Soils of the Himalayan Kegroji 

saiIn art) found in the depressions within (he Miuortt-diiH^ in 
ToJhij^lwamB and on the brat steeply irielinrd slope* Choornlly, it t* 
the nrirth facing alapts* of thn HimnUjiui range* which support 3 
ocilLpkttinbh nlt»fip; tk wiuth fiit* oft Jit nmimfuiiTH nr-- ton juinripr- 
^■ii* and expensed tn lhr- drnudkig ngnuiw* to h- oqttimotdy niwtvd 
with saaik. Much tha JnrgtLr of tliiMti aolLr j- uf ihc *r-t Fmv-d 

type, uiulor borivy growth uf peminial Forr^ta of coniferu. They eup 
of « haterojmifiOUB nattire, varying with juuent rocker, dlrnjiU) and local 
t-onditHTrifl, e,p, prevailing wind* rain, snow* grrHind-ctinfigiinition, 
enltivntiori, etc. Th*y do not form a wnup^nt Mnl-gfonp and* in tim 
iimrr nirnmNiiEL-i, Bupport but tittle agrinditm , csrepi in tin- vallryn 
of tin* iisutv inlinbit^i 

Thu wdl-ejipa »>n the bt "tul mm of Tertiary wiudsbaMM oiui i^jivh, 
(30ti ii 1 i 1 11 1 i ej m tho iSswjtlik fxit-hifli fmin AfghanJittaii to A^oHj are- 
primary soiKk. 4 < 1 iiillow and immaiiifti'p OOnifL suing a Inrg^ proportion of 
cioElecompoB^J irnnoml i^minw;; they urt' amidy or ^rsivelljp parotiBp 
devoir! of hiimiM and. fh 1 ^unfitly iinptngorilcrl with Ume and iwtilu -inilta- 
Hie liicher tmtgtH to tin- ruirth of the fb&i-hllt bdt are dnthed in thick 
fhri HEfl uf pfne# nml fbotLxleiulruijfl, the m\U In n an- various typ^ of 
nujaEd*kiiofor.-a -miI, jwvL-ud j.lpiI, sumniaii] nii. fc udow and lii^hlfthd- 
tftoppi ,-uit In tb« broad hit^iml t alleys of thu wmv— the Ja*t-r—as 
m l>eiim Dtin + Kmimitr. N^jmS. Me.* are aduvui] emia of hi^li fprtihtF- 
In the regions abov® thn liniitoff^cpat Togetatksn, above 14,000 lli^ 
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AQI am frflMn fpr tho gr^Wr part flfllw tlwy «M *£* 
jtiuj iKxlsnli^d, with »tofr tbreloped P*^. c ! Ml 6 ^“*lfr^ 

>*h.,U hurt ton .|Lv to «*«i" -rtj* .. «™ «*£ 

Tlu- rn 11 >-1 ,ir-iiin:!<'■'• nwunUun oUn *« uurt with m ihi- Ui.Mlf-lh .m 
JttVjp. S*inn 1 flf llw. wait. a»p, lipUunt *nl* of 1 he «****"»■ “ ni1 
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